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This  report  describes  the  work  done  in  Phase  I  of  the  Infrastructure  for  KGD  program  at  MCC.  The  work  is 
being  funded  through  an  ARPA  contract  (F33615-93-C-1213).  The  objective  of  the  work  is  to  resolve  the  issues 
for  supplying  and  procuring  Known  Good  Die  (KGD)  in  a  way  that  fosters  industry  acceptance  and  confidence  in 
Application  Specific  Electronic  Modules  (ASEMs  for  military  systems)  and  MultiChip  Modules  (MCMs  for 
commercial  systems). 

The  bulk  of  the  Phase  I  work  has  been  accomplished  by  a  task  group  of  industry  volunteers  from  semiconduc¬ 
tor  manufacturers,  ASEM  foundries,  MCM  assemblers  and  users  and  equipment  suppliers.  The  task  group  has 
met  six  times  in  the  first  half  of  1993  to  develop  TAB  and  Flip  Chip  addenda  to  the  KGD  Procurement  Specifica¬ 
tion1  ,  and  to  develop  The  Technology  Assessment  Guidelines  for  Method,  Materials  and  Equipment  Necessary  to 
Prepare  and  Ship  Semiconductor  Devices  as  Fully  Warranted  Bare  Die  Product,2  which  is  being  used  in  this 
program  to  evaluate  technology  being  used  or  proposed  to  assure  known  good  die.  The  six  task  group  meetings 
have  been  attended  by  81  different  persons  representing  37  different  companies  for  a  total  attendance  of  187 
persons.  In  addition,  a  KGD  supplier  forum  was  held  in  Austin  in  May  1993,  which  was  attended  by  85  industry 
representatives.  At  the  forum,  14  suppliers  of  bare  die  test,  bum-in,  pack  and  ship  or  inspection  equipment  made 
presentations  about  their  KGD  approach. 

This  report  is  divided  into  four  sections  which  correspond  to  the  four  major  tasks  included  in  the  contract 
statement  of  work.  Section  I  describes  the  results  of  SOW  paragraph  4.1.3,  to  identify  and  evaluate  proposed 
industry  approaches  to  KGD  implementation.  A  survey  form  was  sent  to  26  companies  that  were  identified  by 
industry  sources  as  developing  test  and/or  bum-in  technology  for  producing  KGD.  The  survey  was  followed  up 
with  a  phone  call  to  each  of  the  companies.  The  initial  survey  results  indicated  that  16  KGD  technologies  were 
being  actively  developed  for  test  and  bum-in  of  bare  die  or  minimally  packaged  die.  The  companies  plan  to  make 
the  technology  available  to  the  industry  through  licensing,  direct  sales,  or  providing  test  and  bum-in  service. 

Since  the  original  survey,  we  have  identified  eight  additional  methods  being  developed  for  test  and  bum-in 
technology  for  KGD.  Section  I  of  the  report  details  the  technologies  being  developed  by  each  of  the  companies 
and  provides  the  results  of  the  technical  assessment,  readiness  review  and  costs. 

Section  II  of  the  report  contains  an  outline  for  the  plan  for  industry  and  government  cooperation  for  the 
demonstration,  validation,  and  implementation  of  KGD  methodologies  identified  in  this  Phase  I  study.  This  is 
paragraph  4.1.4  of  the  contact  SOW. 

Section  HI  of  the  report  describes  the  results  of  SOW  paragraph  4.1.2,  to  compile  and  prioritize  industry 
requirements  for  KGD  implementation.  The  work  completed  for  this  task  is  contained  in  Revision  3.0  of  The 
Technology  Assessment  Guidelines  for  Method,  Materials  and  Equipment  Necessary  to  Prepare  and  Ship  Semi¬ 
conductor  Devices  as  Fully  Warranted  Bare  Die  Product.2  This  document  is  contained  in  its  entirety  in  Section 
DI,  including  test  methods  with  descriptions  of  bow  to  test  each  requirement. 

Section  IV  of  the  report  contains  the  results  of  the  SOW  paragraph  4.1.1,  to  complete  the  KGD  specifications 
to  encompass  die  for  TAB  and  flip  chip  bonding  applications.  This  work  is  complete  and  the  specifications  have 
been  submitted  to  JEDEC  J-13  subcommittee  on  TAB  as  addenda  to  the  original  wirebond  KGD  procurement 
spec.2 

1  Standard  for  Known  Good  Die  (KGD),  submitted  to  JEDEC  by  MCC/Sematech  task  team  in  September,  1992. 

2 Referred  to  in  this  document  as  Technology  Assessment  Guidelines  or  TAG. 
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1.0  Executive  Summary 


The  bulk  of  the  work  done  in  phase  I  has  been  an 
assessment  of  the  KGD  Assurance  Technologies  that  are 
being  proposed  in  industry  for  single  die  test  and  bum-in, 
and  that  take  advantage  of  the  existing  packaged  part  test 
and  bum-in  methods,  equipment  and  strategies.  The 
assessment  was  based  on  the  KGD  Technology  Assess¬ 
ment  Guidelines  (TAG)  developed  by  the  task  group 
composed  of  industry  representatives.  The  TAG  is 
contained  in  Section  m  of  this  report 


Table  1 :  Technical  Assessment  Overview 

Company 

Survey 

Rec’d 

Desc 

Frov’d 

Flow 

Desc. 

TAG 

Scored 

3M 

✓ 

Acsist  Associates,  Inc. 

✓ 

✓ 

✓ 

✓ 

Aehr  Test  Systems 

✓ 

✓ 

✓ 

✓ 

Amp,  Inc. 

✓ 

California  Contacts 

✓ 

✓ 

✓ 

Chip  Supply 

✓ 

✓ 

✓ 

✓ 

Elm  Technology  Corp. 

✓ 

Elmo  Semi  Corp. 

✓ 

✓ 

✓ 

✓ 

Fresh  Quest  Corporation 

✓ 

✓ 

✓ 

✓ 

Hughes  Aircraft  Co.  (TRB) 

✓ 

✓ 

✓ 

✓ 

IBM  (R3) 

✓ 

✓ 

✓ 

✓ 

IBM  (dendrites) 

✓ 

✓ 

✓ 

✓ 

Micro  SMT 

✓ 

✓ 

✓ 

✓ 

Micron  Semi  (Softool) 

✓ 

✓ 

✓ 

✓ 

Micron  Semi  (KGD**1) 

✓ 

✓ 

✓ 

✓ 

MCC 

✓ 

✓ 

✓ 

✓ 

MCNC 

✓ 

✓ 

✓ 

✓ 

Modular  Automation 

✓ 

nCHIPInc. 

✓ 

Nitto  Denko  America 

✓ 

Northern  Telecom 

✓ 

✓ 

✓ 

Packard  Hughes 

✓ 

✓ 

✓ 

✓ 

Plastronics 

✓ 

✓ 

✓ 

Qualhi 

✓ 

✓ 

✓ 

✓ 

TI/Micro  Module  Systems 

✓ 

✓ 

✓ 

✓ 

SandiaLabs 

✓ 

✓ 

✓ 

Stanford  University 

✓ 

Tessera  Associates 

✓ 

✓ 

✓ 

✓ 

Tribotech 

✓ 

✓ 

✓ 

✓ 

Yantai  chi 

✓ 

✓ 

✓ 

Table  2.  Technical  Assessment  Summary 

Company 

Assessed 

TAG  Score 

Readiness 

Contact 

Method 

Acsist  Assoc. 

169 

Conceptual 

Temp  contact 

Aehr  Test  Sys. 

173 

Alpha  Test 

Temp  contact 

California 

Contacts 

159 

In  development 

Temp  contact 

Chip  Supply 

153 

In  production 

Soft  connect 

Elmo  Semi. 

147 

In  production 

Soft  connect 

Fresh  Quest 

165 

Alpha  Test 

Temp  contact 

GE 

150 

Alpha  Test 

Soft  connect 

Hughes  TRB 

141 

In  development 

Minimal  Pkg 

IBM  (R3) 

T53 

In  production 

Soft  connect 

IBM  (dendrites) 

165 

In  development 

Temp  contact 

Micron  Softool 

144 

In  production 

Soft  connect 

Micron  KGD+ 

171 

Alpha  Test 

Temp  contact 

MCC 

163 

In  development 

Temp  contact 

MCNC 

162 

In  development 

Soft  connect 

Northern 

Telecom 

144 

In  development 

Minimal  Pkg 

Packard  Hughes 

169 

In  development 

Temp  contact 

Plastronics 

153 

Alpha  Test 

Temp  contact 

Qualhi 

170 

In  development 

Temp  contact 

Sandia 

161 

In  development 

Temp  contact 

n/MMS 

173 

Alpha  Test 

Temp  contact 

Tribotech 

171 

In  development 

Temp  contact 

Yamaichi 

173 

In  development 

Temp  contact 

To  begin  the  assessment  a  survey  of  industry 
identified  companies  that  were  developing  technology  for 
test  and  bum-in  of  bare  (or  minimally  packaged)  die. 
Table  1  lists  the  companies  that  responded  to  the  survey. 
The  survey  was  sent  to  domestic  suppliers  only.  A  non- 
proprietary  description  of  technologies  was  developed  for 
the  companies  indicated,  including  a  process  flow  —  how 
to  assemble  and  disassemble  die  for  test  and  bum-in,  and 
how  each  technology  fared  in  a  comparison  with  the 
Technology  Assessment  Guidelines  (TAG).  The  full 
descriptions  of  the  various  selected  technologies  assessed 
are  contained  in  subsection  6.0  of  this  report 

Table  2  summarizes  the  technical  assessment  for 
three  important  parameters  for  the  technologies  under 
development  The  Assessed  TAG  Score  was  derived  from 
Revision  2.5  of  the  KGD  Technology  Assessment  Guide- 
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lines  developed  by  the  task  group.  The  TAG  subcommit¬ 
tee  of  the  task  group  assigned  weights  to  each  “rule”  in 
the  guidelines  and  the  MCC  technical  staff  judged 
whether  the  proposed  technology  could  meet  the  guide¬ 
line.  If  it  was  judged  capable,  the  assigned  weight  was 
added  to  the  score.  The  combined  total  is  the  Assessed 
TAG  Score.  Meeting  all  TAG  rules,  including  test  and 
bum-in  parameters,  accommodation  of  peripheral  and 
array  pads,  bumped  die  as  well  as  bare  A1  pads,  earns  a 
score  of  175. 

The  readiness  was  determined  through  conversations, 
visits  and,  in  seme  cases,  nondisclosure  agreements  with 
suppliers.  Only  four  technologies  are  in  production  today; 
the  IBM  R3  approach,  which  has  been  fully  qualified 
through  the  “box”  level  by  IBM,  two  temporary 
wirebond  methods,  Micron  Softool  and  Elmo  Semicon¬ 
ductor  rerouted  pad  and  wirebond  approach,  and  Chip 
Supply  SofTab,  each  of  which  has  been  qualified  through 
some  level  of  production. 

Temporary  contact  probing  is  the  dominant  technol¬ 
ogy  being  pursued,  and  is  the  most  capable  of  meeting  the 
TAG  rules.  However,  the  problems  associated  with 
penetration  of  native  oxides,  probe  to  probe  compliance 
and  alignment  have  not  been  solved  and  there  is  not  a 
consensus  single  best  technology  for  making  temporary 
probe  contact  to  aluminum  pads  on  bare  die  today. 

Cost  Modeling  Results 

A  Monte  Carlo  simulation  model  was  developed  for 
examining  the  cost  of  KGD  relair.  <t  to  packaged  parts, 
focussing  on  highlighting  the  dominant  cost  drivers.  Cost  of 
KGD  and  packaged  devices  which  go  through  test  and  bum- 
in  are  studied  in  the  modeling  effort  by  varying  these  key 
drivers  and  examining  their  sensitivities. 

The  model  is  capable  of  manipulating  IC  fab  parameters 
(e.g.,  defect  density,  sort  coverage,  etc.),  as  well  as  packaging, 
test  and  bum-in  costs.  The  phase  I  approach  has  focused  on 
simulation  modeling  because  the  KGD  technologies  are  not 
yet  mature  enough  to  proceed  with  a  reliable  cost  of  owner¬ 
ship  type  analysis. 


Table  3.  Generic  Die  Type 

Case 

Type 

Size 

I/O 

1 

ASIC 

15  mm  on  each  side 

4001/0 

2 

CPU 

10  mm  on  each  side 

2001/0 

3 

DSP 

7.2x5.$  mm 

741/0 

4 

Dram 

6.2  x  2.9  mm 

— 3ST7D" 

The  KGD  cost  model  encompasses  the  entire  KGD 
process,  rather  than  isolated  steps,  using  current  industry 
accepted  methods  for  test  and  bum-in.  In  developing  the 
model,  inputs  were  received  from  Sematech  (wafer  fab  cost 
models,  test  inputs),  Intel  (bum-in  cost  model),  Motorola 
(bum-in  and  test  inputs),  and  IBM  (process  flow  definition, 
cost  model  verification).  Outputs  are  expressed  as  cost  ratios 
of  an  equivalent  conventionally  packaged  die. 

Several  generic  device  types  that  capture  a  wide  range  of 
key  technology  requirements  were  used  to  evaluate  the  cost 
impact  of  different  KGD  technologies  in  the  modeling  effort 
(See  Table  3).  Plastic  and  ceramic  packaging  for  these  die 
types  were  assumed  in  forming  a  comparative  cost  analysis 
between  bare  and  packaged  KGD. 

The  above  IC  variations  were  combined  in  the  model 
with  other  inputs  relevant  in  the  KGD  process  and  key  cost 
factors  were  identified.  The  key  influence  in  this  model  is  the 
package  type  to  which  KGD  is  being  compared.  The  relative 
cost  of  KGD  increases  by  up  to  a  factor  of  2  if  it  is  compared 
to  plastic  rather  than  ceramic  packaged  parts.  The  key  factors 
beyond  package  type,  their  cost  impact  and  the  necessary 
responses  for  achieving  KGD  economies  are  as  follows: 

•  Number  of  carrier  uses:  High  Cost  Impact:  Need 
carrier  life  of  100- 1000  cycles  with  greater  lifetime  (up  to  the 
1000  cycle  limit)  reducing  cost  Cost  impact  of  earner 
lifetime  decreases  rapidly  with  higher  number  of  cycles. 

•Complexity  of  IC:  High  Cost  Impact:  Assembly  cost 
for  conventional  packages  is  much  more  dependent  on  pin 
count  than  KGD. 

•RecuningCost  of  Carrier  and  Interconnect:  Medium 
Cost  Impact  Reduces  material  costs. 

•  Bum-in  Hours:  Medium  Cost  Impact  Shorter  bum-in 
cycles  mean  more  uses  for  a  given  interconnect  thermal  life. 

•  Time  for  Assembly/Disassembly:  Medium  Cost 
Impact  Shorter  die  load/unload  times  from  carrier  reduce 
labor  costs  and  amortize  cost  of  automation  more  rapidly. 

•Equipment  Costs:  Low  Cost  Impact  Less  expensive 
equipment  reduces  capitalization  costs. 

The  emphasis  of  the  cost  study  was  to  determine  which 
fectors  had  the  greatest  impact  (and  therefore  demand  the 
greatest  future  attention)  when  trying  to  achieve  cost  savings 
with  KGD  approaches.  Further  work  is  needed  to  validate 
die  current  model  and  develop  the  system  specification  for 
extensions  to  make  this  a  useful  tool  for  industrial  users 
interested  in  evaluating  specific  cases.  These  specifications 
will  be  available  to  our  phase  II  efforts  and  allow  the  model  to 
be  inserted  into  the  MCC  MSDA  tool. 
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2.0  KGD  Assurance  Technology 


Advances  in  reducing  size  and  increasing  functional¬ 
ity  of  electronics  have  been  due  primarily  to  the  shrinking 
„  geometries  and  increasing  parametrics  of  silicon.  Re¬ 

cently,  development  efforts  aimed  at  reducing  size  and 
increasing  functionality  have  focused  on  the  first  level  of 
the  electronic  package.  The  result  has  been  the  develop- 
*  ment  of  multichip  modules  (MCMs),  a  technology  in 

which  bare  silicon  chips  are  mounted  on  a  single  high 
density  substrate  that  serves  to  “package”  the  chips,  as 
well  as  interconnect  them.  A  number  of  benefits  accrue 
because  of  MCM  packaging,  namely,  increased  chip 
density,  space  savings,  greater  performance,  and  less 
weight.  Therefore,  MCMs  are  an  attractive  new  technol¬ 
ogy  for  today’s  light  weight,  portable,  high  performance 
electronic  equipment  and  devices. 

In  spite  of  these  benefits,  the  MCM  market  has  not 
shown  the  kind  of  explosive  growth  and  expansion  that 
was  predicted1.  A  major  inhibitor  is  the  availability  of 
fully  tested  and  bumed-in  bare  die,  or  “known  good  die.” 

Test  and  bum-in  of  bare  (or  minimally  packaged)  die 
is  not  a  new  requirement  for  IC  makers;  however,  it  has 
yet  to  be  satisfactorily  addressed.  The  IC  industry  cur¬ 
rently  does  an  excellent  job  of  testing  and  burning-in 
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probability  that  an  IC  is  good,  and  n  is  die 
number  of  ICs.  Packaged  ICs  can  approach 
99.999%  probability  (considered  to  be 
known  good)  of  performing  correctly  for 
some  specified  time  in  the  final  application. 
This  probability  index  means  that  less  than 
10  {arts  out  of  one  million  will  fail  to 
perform  their  function  correctly  throughout 
a  minimum  guaranteed  lifetime.  The  ability 
to  fully  test  at-speed  and  over-temperature 
and  to  eliminate  weak  components  with 
bum-in  is  not  generally  available  or  cost- 
effective  for  bare  die.  This  significantly 
lowers  the  probability  that  a  device  will 
perform  as  specified  over  its  expected 
lifetime.  Table  4  shows  the  effect  of  lower 
KGD  probability  on  the  assembled  MCM. 
Even  with  a  95%  probability  of  KGD  — 
which  is  typical  of  wafer  probe  results  for 
very  mature  products  —  the  resulting  yield 
of  the  assembled  board  is  unacceptable  for 

1  MCM  market  projections  for  the  year  2000  vary  significantly  —  ranging  horn  $2  billion  to  $20  billion — depending  on  the  definition  of 
the  market,  as  well  as  the  level  of  optimism  concerning  the  industry’s  adoption  and  implementation  of  MCM  technology. 
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Figure  1 :  Probable  MCM  Defect  Levels  (probability  of  shipping 
defective  module)  vs.  MCM  Fault  Coverage  for  Differing  MCM 
Yields 

_ Formula:  DL  =  l-Y^  xl00 _ 

Low  board  yield  at  final  test  (a  function  of  incoming  die  quality,  manufactur¬ 
ing  defects,  etc.)  is  very  difficult  to  “test  out”  of  the  product,  requiring  close 
to  100%  fault  coverage  at  the  module  level. _ 


Table  4.  Board  Yield 

Probability 
of  KGD 

Board  Yield 

(10  ICs) 

Board  Yield 

(20  ICs) 

Board  Yield 
(40  ICs) 

99.9% 

99% 

98% 

96% 

99% 

90% 

82% 

67% 

95% 

60% 

36% 

13% 

90% 

35% 

12% 

1% 

80% 

11% 

1% 

0% 

50% 

0% 

0% 

0% 

Table  4:  Selected  values  of  board  (or  module)  yield  when 
assembled  with  differing  probability  of  KGD.  As  this  chart 
show,  board  yield  varies  exponentially  depending  on  die  yield. 

traditionally  packaged  chips,  although  this  can  at  times  be 
a  costly  process.  The  resulting  high  quality,  high  reliabil¬ 
ity  devices  allow  board-level  products  to  be  assembled 
with  a  high  probability  of  success.  Any  board-level 
product  failure  will  most  likely  not  be  due  to  component 
failure. 

The  following  probability  formula  gives  the  expected 
yield  of  an  assembled  board: 

Yb  =  lOCKPJ" 

Y  is  the  nreHirteri  hnand  vield  P  is  the. 


systems  with  more  than  a  few  chips. 

In  addition,  the  test  coverage  required  to  identify  the 
low  yielding  MCMs  must  be  extremely  high  to  avoid 
escapes.  (See  Figure  1.) 

Thus,  the  lack  of  KGD  is  a  crisis  for  today’s  MCM 
assemblers.  Accelerating  the  widespread  availability  of 
MCMs  in  the  short-term  requires  the  development  of 
KGD  solutions  that  utilize  existing  processes  and  equip¬ 
ment  —  customizing  them  to  meet  the  needs  of  KGD. 
Over  the  long-term,  new  KGD  technologies  and  ap¬ 
proaches  that  provide  greater  cost-effectiveness  will  be 
required.  This  report  will  focus  on  the  near-term  solutions 
which  offer  the  most  immediate  access  to  KGD,  which 
can  be  categorized  as  follows: 

•  Soft  Connection  Approaches 

•  Temporary  Contact  Approaches 


•  Minimal  Package  Approaches 

Wafer  Level  Approaches  are  considered  more  long 
term  and  were  not  assessed  in  this  project. 

The  most  expedient  KGD  methods  being  proposed 
today  take  advantage  of  existing  package-part  test  and 
bum-in  infrastructure,  tools,  and  supplies.  In  general, 
with  these  methods  the  die  is  mounted  in  a  carrier  that 
has  the  same  form  and  function  as  a  single  chip  package. 
Temporary  electrical  connection  is  made  to  the  bond 
pads  and  the  device  is  qualified  through  test  and  bum-in 
processes  similar  to  the  traditional  packaged  part  ATE 
test  equipment,  component  handlers,  bum-in  boards, 
bum-in  ovens,  and  loaders  can  be  used.  Once  the  die  is 
qualified,  electrical  connections  to  the  bond  pads  are 
released  and  the  die  is  taken  from  the  carrier.  The  result 
is  a  fully  tested,  qualified  IC  device  with  specifications 
comparable  to  those  of  an  equivalent  packaged  pan. 


2.1  Soft  Connection  Approaches  to  KGD  and  Reduced  Radius  Removal3  (R3).  These  technologies 

Some  KGD  approaches  consist  of  making  a  non-  rely  most  heavily  on  established  processes  and  tools  to 
standard  (or  rerouted)  connection  (wirebond,  C4,  etc.)  to  a  condition  die.  In  some  cases,  the  soft  connection  technol- 
reusable  standard  package  type;  sending  the  assembly  ogy  is  targeted  toward  a  final  assembly  method  exclu- 
through  test  and  bum-in,  then  breaking  the  connection,  sively,  as  R3  for  solder-bumped  die.  Concerns  with  the 

removing  the  die,  inspecting  and  shipping.  These  ap-  cost  effectiveness  and  final  assembly  limitations  of  some 

proaches  have  been  termed  “soft”  connections.  Several  soft  connection  methods  have  resulted  in  heightened 

technologies  using  soft  connection  are  available  for  interest  in  temporary  carriers  with  probe  sets  which  are 

preparing  KGD  today,  including  temporary  wire  bonds  applicable  to  all  die,  regardless  of  final  assembly  methods. 


Table  5.  Soft  Connection  Methods 

Company 

Description 

Chip  Supply 

SofTab  Process:  TAB  tape  frame  is  fabricated  and  lightly  attached  to  gold  bumped  bond  pads  on  the  die.  After 
bum-in  and  test  using  TAB  equipment,  the  tape  frame  is  removed.  Also  licensed  is  Micron  Softool. 

Elmo 

Semiconductor 

Wafers  are  coated  with  a  barrier  material,  bond  pads  are  reformed  for  larger  bond  area.  The  die  are  packaged 
with  thermoplastic  the  attach  and  wire  bonded  into  a  temporary  reusable  carrier.  Following  bum-in  and  test,  the 
wire  bonds  are  cut  and  the  die  are  removed. 

GE 

Die  are  coated  with  a  protective  polymer  and  via  holes  are  laser  drilled  to  die  bond  pads.  Temporary  bond  pads  are 
formed  on  the  overcoat  and  are  used  to  wire  bond  die  into  a  standard  package.  After  bum-in  and  test,  die  are 
removed  from  the  package  and  temporary  bond  pads  are  etched  away. 

IBM 

Reduced  Radius  Removal  (R3):  Solder  bumped  die  are  reflow  attached  to  reduced  radius  pads  on  a  reusable 
ceramic  substrate.  Die  are  removed  from  carrier  with  a  shearing  process  after  bum-in  and  test 

Micron  Softool 

Temporary  die  attach  and  “soft”  wire  bonds  are  used  to  place  the  die  into  a  standard  package.  After  bum-in  and 
test  the  “soft”  wire  bonds  are  pulled  away  from  the  bond  pads  and  the  die  is  removed  from  package. 

Solder  bumped  die  are  attached  to  a  reusable  multilayer  ceramic  carrier  using  a  sacrificial  metallurgical  connec¬ 
tion.  A  special  process  is  used  to  weaken  the  temporary  bond  and  to  allow  removal  of  die  die  after  bum-in  &  test. 

nCHIP 

Die-level  technology  for  at-speed  bum-in  and  test  employs  a  temporary  package  and  temporary  wire  bonds.  (This 
technology  has  been  identified  only  recently  and  no  assessment  is  available.) 

Samsung 

Conventional  wirebond  from  chip  to  PC  board  is  made  in  a  multichip  carrier.  Gold  wire  is  cut  from  bond  pad  with 
proprietary  tool.  (This  technology  has  been  identified  only  recently  and  no  assessment  is  available.) 

3  The  Reduced  Radius  Removal  KGD  technology  was  developed  by  IBM.  See  Section  6.0  for  details. 
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Figure  2:  Overtravel  force  on  probe  needle  causes 
horizontal  motion  that  “scrubs”  through  native  oxide  on 
aluminum  IC  bond  pad. 


Figure  3:  Microfabricated  probe  set  makes  reliable  contact 
to  the  aluminum  IC  bond  pad  by  piercing  through  the  oxide 
layer  on  the  surface  of  the  pad. 


Figure  4:  Microfabricated  probe  set  makes  reliable  contact 
to  the  aluminum  IC  bond  pad  by  deforming  the  oxide  layer  on 
the  surface  of  the  pad. 


22  Temporary  Contact  Approaches  to  KGD 

Temporary  contact  approaches  contain  microprobe 
sets  built  into  carriers  that  are  made  to  mimic  standard 
packages.  The  die  is  held  in  alignment  to  the  probe  set 
with  force  to  insure  reliable  electrical  contact  to  the  IC 
bond  pads.  The  main  technical  challenges  with  the 
probes/contacts  are  compliance  to  nonplanar  pads  on  the 
die  and  penetration  of  the  native  aluminum  oxide  present 
on  the  IC  pads  without  causing  damage  which  could 
preclude  the  next  assembly  operation. 

Pad  Penetration  —  A  temporary  contact  approach 
requires  some  form  of  “scrub”  or  penetration  through  the 
native  oxide  (typically  on  the  order  of  50  -  80  Angstroms ) 
on  the  A1  pad  of  the  IC.  Traditional  needle  and  blade  type 
probe  cards  achieve  oxide  penetration  by  forcing  the  tip 
of  the  probe  to  move  laterally  across  the  surface  of  the  A1 
pad  with  a  vertical  force  “overdriving”  the  probe.  (See 
Figure  2.)  This  form  of  penetration,  termed  “scrub,”  may 
be  used  effectively  for  peripheral  bond  pads  on  an  IC. 

Many  KGD  approaches  currently  being  developed 
require  some  form  of  z-axis  penetration  in  which  the 
microprobe  is  designed  to  be  used  with  a  piercing  or 
burnishing  vertical  on-axis  force.  (See  Figures  3  and  4.). 
This  has  been  termed  “z-axis  scrub.” 

Compliance — Scrubbing  actions  on  the  bond  pad 
require  that  some  form  of  compliant  member  be  available 
to  equalize  the  force  on  each  contact  For  traditional 
epoxy  ring  needle  probe  cards,  the  spring  constant  of  the 
needle  provides  compliance.  For  KGD  carriers,  especially 
those  that  rely  on  z-axis  scrub  to  make  reliable,  low 
resistance  contact,  this  problem  is  nontrivial.  Since  force 
is  applied  on-axis  through  the  probe  structure,  the  compli¬ 
ance  must  be  built  into  the  substrate  on  which  the  probe 
set  is  mounted  —  unless  some  form  of  compliant  or 
deformable  probe  contact  capable  of  z-axis  scrub  is 
available.  This  compliant  substrate  must  be  capable  of 
providing  two  conflicting  functions  —  the  ability  to 
transmit  probe  forces  independently  in  the  z-direction 
while  maintaining  x-  and  y-direction  positional  accuracy. 
In  addition,  the  compliant  members  must  be  capable  of 
maintaining  these  properties  during  bum-in  temperature 
excursions  which  may  reach  150°C.  Many  KGD  carrier 
approaches  use  a  form  of  membrane  as  the  probe  set 
substrate.  Thin  films,  laminates,  organic,  and  inorganic 
membranes  have  all  been  proposed  as  KGD  carrier 
interconnect  substrates.  These  membranes  may  be  backed 
by  an  elastomer  to  provide  the  compliancy  required  for 
the  probe  set.  Temporary  contact  KGD  methods  are 
summarized  in  Table  6. 


Table  6.  Temporary  Contact  Methods 


Company 

Description 

AehrTest 

Systems 

Nitto  Denko’s  ASMAT  polyimide  film  provides  electrical  contact  between  the  die  and  a  uniquely  designed 
carrier.  Die  are  mechanically  aligned. 

California 

Contact 

Electrical  contact  is  made  with  traditional  scrubbing  action  by  microbeams,  which  are  individually 
cantilevered  Die  are  placed  directly  into  sockets  on  bum-in  boards  without  the  use  of  a  carrier. 

Fresh  Quest 

QC2:  A  scrubbing  probe  technology  on  a  thin  film  membrane  is  used  to  make  contact  between  the  die  and  the 
carrier.  This  technology  is  limited  to  peripheral  bond  pads. 

IBM  (dendrites) 

Palladium  dendritic  structures  are  used  to  make  contact  to  C4  solder  bumped  chips. 

MCC 

Reusable  TAB  tape  with  inner-leads  bent  upward  and  embedded  in  silicone  elastomer  provide  normal  force, 
compliance,  and  scrubbing  under  z-axis  deflection.  Usable  with  JEDEC  standard  TAB  slide  carriers  and 
sockets  for  test  and  bum-in. 

Micron  Semi 
KDG** 

A  family  ot  reusable,  socketable,  universal  carriers  is  used  to  provide  known  good  die.  Specific  Information  is 
limited. 

Packard  Hughes 

Bumped  flex  carrier  with  “gold  dot”  microprobes  is  used  with  an  elastomer  backing,  a  spring  clamp,  and  a 
support  plate/heat  spreader. 

Plastronics 

The  carrier  consists  of  a  plastic  base  with  a  cavity  for  the  die,  a  ceramic  alignment  plate  with  precision  laser 
drilled  holes  for  aligning  wire  probes  to  the  die  bond  pads,  and  a  contactor  assembly  which  contains  the 
probes.  The  compliant  probes  provide  scrubbing  contacts  and  the  ability  to  accommodate  non-planar 
surfaces. 

Qualhi 

Gold  “bumps”  are  formed  on  thick  film  carriers  by  bonding  gold  ball  bonds  to  the  carrier;  the  wires  are 
broken  off  and  the  remaining  balls  are  coined  (planarized).  Die  are  placed  in  contact  with  the  carriers  using  a 
flip  chip  bonder  which  provides  enough  scrubbing  action  to  break  through  the  oxide  without  forming  an 
actual  bond. 

Sandia 

Wafers  are  processed  to  reposition  the  normal  peripheral  bond  pads  of  each  die  to  an  area  array  of  much 
larger  pads  on  top  of  the  die  to  allow  easy  mechanical  alignment  to  a  pad  array  in  a  universal  carrier.  The  die- 
to-carrier  interface  can  be  z-axis  elastomers  or  diamond  particle  membranes. 

TI/MMS 

Pressure-contact  carrier  uses  copper/polyimide  interconnect  and  proprietary  non-wiping  contacts.  Die  self- 
aligns  to  artier. 

Either  face-up  or  face-down  versions  of  this  carrier  are  available.  A  proprietary,  non-scrubbing,  fine  point 
piercing  method  u  used  to  contact  the  die  and  make  contact  to  the  thin  film  interconnect. 

Yamaichi 

Nitto  Denko’s  ASMAT  polyimide  film  material  provides  electrical  contact  between  the  die  and  a  carrier. 
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13  Minimal  package  Approaches  to  KGD 
These  approaches  take  advantage  of  the  fact  that 
some  minimal  packaging  approaches  enhances  the 
capability  to  do  test  and  bum-in.  Ruggedized  packages, 
wider  pitch,  and  gold  contacts  can  help  solve  many  of  the 
problems  with  handling  and  contacting  bare  die.  How¬ 
ever,  these  approaches  limit  final  assembly  options. 


14  Wafer-Level  Burn-in 

During  the  survey  phase  of  the  project,  we  identified 
suppliers  working  cm  wafer  level  KGD  methods.  We  did 
not  pursue  these  methods  in  this  project 


Table  7.  Minimal  Package  Methods 

Company 

Description 

Chip  Supply 

Traditional  TAB  chip  on  tape  is  available. 

Testable  Ribbon  Bending  (TRB):  Die  are 
ribbon  bonded  into  low-cost  carriers  for 
bum-in  and  test.  After  test  the  ribbons  are 
cut  leaving  a  TAB -like  die  which  can  be 
single-point  bonded  into  its  final  applica¬ 
tion. 

Micro  SMT 

Wafer  level  die  packaging  technology.  Si 
posts  are  formed  in  wafer  scribe  lines. 

Northern 

Telecom 

Die  are  wire  bonded  into  low-cost  carriers 
for  bum-in  and  test.  After  test  the  wires 
are  cut  leaving  a  die  with  stub  wires 
bonded  to  each  pad,  which  can  be  single¬ 
point  bonded  into  its  final  application. 

Tessera 

Flex  circuitry  is  used  to  reroute  center  or 
peripheral  die  bond  pads  to  an  array  of 
nickel/gold  bumps.  An  elastomer  layer 
provides  compliance.  The  die  array  is 
temporarily  attached  to  a  PGA  style  carrier 
for  bum-in  and  test  and  then  removed.  The 
die  may  then  be  flip  chip  array  braided 
into  its  final  application. 

Table  8.  Wafer  Level  KGD  Methods 

Company 

Elm  Technology 

Micro  machined  silicon  membrane  with 
micro  fabricated  probe  dps  can  be  used  for 
whole  wafer  probing. 

Hughes  Research 

Extension  of  die-level  membrane  probe 
card  can  be  used  for  whole  wafer  probing. 

MMS 

An  extension  of  the  die  level  carrier  can  be 
used  as  a  whole  wafer  polyimide  mem¬ 
brane  probe  card. 

nCHIP 

A  probe  card  is  formed  from  a  silicon 
substrate  with  a  multilevel  interconnect 
Compliant  bump  technology  is  used  to 
mate  the  wafer  under  test  to  the  substrate 
(under  compression).  Integral  decoupling 
capacitance  between  the  power  planes  and 
integral  resistors  for  isolation  of  the  chips 
are  provided. 
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3.0  Infrastructure  for  KGD  Program 


In  January  of  1993,  MCC  launched  the  Infrastructure 
for  KGD  program  under  the  auspices  of  an  ARPA  ASEM 
award,  with  Wright  Laboratory  acting  as  contract  moni¬ 
tor.  The  objective  of  the  program  is  to  resolve  the  issues 
for  supplying  and  procuring  Known  Good  Die  (KGD)  in 
a  way  that  fosters  industry  acceptance  and  confidence  in 
Application  Specific  Electronic  Modules  for  military 
systems.  Work  done  on  this  program  will  extend  into  and 
help  lay  the  foundation  for  acceptance  of  multichip 
modules  (MCMs)  for  commercial  systems  as  well.  This 
report  is  the  result  of  Phase  I  of  the  Consortia  for  KGD 
contract.  Figure  5  is  an  outline  of  the  tasks  which  were 
done  during  this  Phase  I  program. 

Prior  to  this  Phase  I  work,  an  MCC/Sematech  led 
task  group  had  developed  the  Standard  for  Procurement 
and  Use  of  Known-Good  Die  which  was  submitted  to 
JEDEC  in  October  of  1992  for  adoption  as  a  standard. 

See  Figure  5.  One  of  the  tasks  for  the  Phase  One  effort  of 
the  current  work  was  to  extend  the  proposed  standard  to 
include  TAB  and  Flip-chip  die. 


purpose  of  that  meeting  was  to  discuss  modifications/ 
additions  to  the  Standard  for  Procurement  and  Use  of 
Known-Good  Die  required  to  facilitate  Bumped/TABed 
Die  sales.  The  participants  in  that  meeting  were  IBM, 
Delco  Electronics,  Rockwell  Inti.,  AT&T,  and  MCNC. 

The  subcommittee  decided  to  draw  upon  the  Stan¬ 
dard  for  Procurement  and  Use  of  Known-Good  Die  to 
create  a  “core”  document,  followed  by  Wirebonded, 
Bumped  and  TABed  Addenda. 

The  following  day,  January  21,  the  full  KGD  task 
group  met  at  Sematech  in  Austin.  Representatives  of  IC 
suppliers,  MCM  fabricators  and  assemblers,  government 
and  industry  spokespersons  met  to  begin  a  systematic 
attach  on  the  KGD  problem.  These  representatives  agreed 
to  form  the  task  group  which  would  guide  the  Phase  I 
work. 

The  meeting  on  January  21 , 1993  represented  the  first 
of  six  task  group  meetings;  it  began  by  identifying  and 
quantifying  a  series  of  performance  metrics  which  define 
known  good  die  preparation  processes. 


Task  Group  Meetings 

The  program  was  officially  begun  with  a  meeting  of 
the  Bumped/TABed  subcommittee  of  the  KGD  Task 
Group  cm  20  January  1993  at  Sematech  in  Austin.  The 


The  Task  Group  defined  KGD  Assurance 
Technologies  as: 

The  processes,  materials,  equipment,  information, 
etc.,  necessary  to  ensure  performance,  quality,  and 

reliability  of  a  bare  or  minimally 
packaged  1C 

a)  meets  the  specifications  of  the 
Manufacturers  Data  Book  for 
level  of  product  required,  OR 

b)  is  as  good  as  or  better  than  an 
equivalent  packaged  device. 

The  Task  Group  then  split  into 
two  subgroups  to  review  the 
“strawman”  document  Requirement 
Specification  for  Methods,  Materi¬ 
als  and  Equipment  Necessary  to 
Prepare  and  Ship  Semiconductor 
Devices  as  Fully  Warranted  Bare 
Die  Product.  This  document  is 
intended  to  be  the  tool  which  MCC 
will  use  for  KGD  technology 
assessment'.  The  Task  Group  was 


Figure  5.  KGD  Task  Flow  Chart 


1  This  document  was  later  renamed  the  KGD  Technology  Assessment  Guidelines for  Methods,  Materials  and  Equipment  Necessary  to  Prepare 
and  Ship  Semiconductor  Devices  as  Fully  Warranted  Bare  Die  Product  It  is  included  in  Section  m  of  this  report 
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Table  9.  KGD  Meeting  Summary 

KGD  Meeting 

Group 

Topic 

Persons 

Companies 

21 -Jan-93 

Task  Group 

Technology  Assessment  Guidelines 

39 

27 

2-Mar-93 

Task  Group 

TAB/Flip  chip  addenda 

25 

17 

3-Mar-93 

Task  Group 

Technology  Assessment  Guidelines 

37 

24 

13- Apr-93 

Task  Group 

Technology  Assessment  Guidelines 

26 

19 

13-May-93 

Industry 

KGD  Assurance  Technologies 

85 

47 

14-May-93 

Task  Group 

Technology  Assessment  Guidelines, 
Phase  II  plans 

33 

20 

29-Jul-93 

Task  Group 

TAB/Flip-chip  addenda.  Technology 
Assessment  Guidelines,  Phase  II 
plans 

27 

20 

12-Oct-93 

Industry 

Review  Technical  Assessments, 

Phase  II  plans 

51 

33 

split  along  the  lines  of  die  suppliers  and  die  users.  Each 
group  worked  on  the  document  independently,  and 
generated  two  separate  documents  based  on  the 
“strawman”  original. 

The  second  and  third  KGD  Task  Group  meetings 
were  held  on  March  2-3, 1993  at  MCC  in  Austin,  Texas . 

The  purpose  of  the  meeting  held  at  MCC  on  2  March 
1993  was  to  review  the  subcommittee  recommendations 
for  TAB  and  Flip-chip  extensions  to  the  MCC/Sematech 
Guideline  for  Procurement  and  Use  of  Known-Good  Die. 
The  meeting  was  attended  by  20  persons  representing  1 1 
companies. 

The  task  group  approved  a  decision  to  develop  three 
separate  KGD  specifications,  one  for  TAB  devices,  and 
one  for  flip-chip  devices  in  addition  with  the  current 
wirebond  document 

The  meeting  held  at  MCC  on  3  March  1993  was  to 
continue  developing  the  KGD  Assurance  Technology 
Requirements  Guidelines  which  had  been  initiated  at  the 
21  January  meeting  (at  Sematech)  and  further  refined  by 
subgroups  during  the  month  of  February.  The  meeting 
was  attended  by  39  persons  representing  21  companies. 


The  supplier  and  user  versions  of  the  documents 
were  merged  prior  to  the  meeting  and  the  task  group 
spent  most  of  the  day  going  through  the  document  line 
by  line  identifying  areas  of  agreement  The  resulting 
merged  document  was  renamed  Technology  Assessment 
Guideline  for  Methods,  Materials  and  Equipment 
Necessary  to  Prepare  and  Ship  Semiconductor  Devices 
as  Fully  Warranted  Bare  Die  Product.,  version  1 5. 

The  KGD  Task  Group  next  met  on  13  April,  1993  at 
the  Radisson  Hotel  in  Denver,  Colorado,  to  continue  the 
identification  and  quantification  of  a  series  of  perfor¬ 
mance  metrics  which  define  known  good  die  preparation 
processes.  The  goal  of  the  meeting  was  to  review  the 
Technology  Assessment  Guideline  for  Methods,  Materi¬ 
als  and  Equipment  Necessary  to  Prepare  and  Ship 
Semiconductor  Devices  as  Fully  Warranted  Bare  Die 
Product  or  simply  Technology  Assessment  Guidelines 
and  get  to  Revision  2.0.  which  could  be  called  a  discus¬ 
sion  draft,  and  which  is  nearing  consensus. 

The  main  sections  to  be  resolved  at  this  meeting 
included  the  Die  Preparation,  Assembly  and  Disassem¬ 
bly  section,  the  Test  and  Bum-in  section  and  the  Wafer 
Mount  and  Saw  section. 
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A  decision  was  made  to  include  as  Appendices, 
sections  which  ask  the  Technology  Suppliers  to  provide 
information  about  their  technologies.  This  was  seen  as  an 
aid  to  MCC  (and  potential  customers)  in  assessing  the 
technology.  These  sections  include  the  Die  Preparation, 
Assembly  and  Disassembly  section  and  the  Wafer  Mount 
and  Saw  section. 

The  Test  and  Bum-in  section  was  extensively 
reviewed,  and  a  decision  was  made  to  simplify  the 
sections  by  reducing  the  categories  to  only  two  catego¬ 
ries,  low  I/O  (<100)  and  high  I/O  (>100)  devices. 

The  Task  Group  agreed  that  the  Technology  Assess¬ 
ment  Guidelines  had  indeed  leached  Revision  2.0  and 
could  be  used  to  begin  the  assessment  phase  of  the 
project 

The  task  group  also  discussed  the  May  KGD  Tech¬ 
nology  Supplier  Forum  and  asked  that  presenters  at  the 
forum  to  address  the  following  questions: 

1)  What  is  your  suggested  manufacturing  process  flow 
to  produce  KGD? 

2)  What  is  the  availability  of  your  technology? 

3)  What  is  the  cost  per  unit?  (carrier/probe  card  cost) 

4)  How  many  reuses  do  you  project  for  the  carrier? 

5)  What  is  the  lifetime  and  what  is  the  time  to  refur¬ 
bish? 

6)  What  is  die  cleaning  process? 

The  first  industry-wide  meeting  of  the  program  was 
held  on  13  May,  1993  in  Austin.  Representatives  from 
industry  were  invited  to  a  KGD  Technology  Supplier 
Forum,  where  14  companies  made  presentations  about 
their  bare  die  test,  bum-in,  shipping  and  inspection 
technologies. 

The  Forum  objective  was  to  promote  a  dialog 
between  suppliers  and  users  of  the  materials,  components, 
and  tools  necessary  for  producing  high  quality,  reliable, 
bare  or  minimally  packaged  integrated  circuits  (KGD). 
The  forum  agenda  allowed  the  14  KGD  technology 
supplier  attendees  to  make  a  presentation  of  25  minutes 
and  to  participate  in  a  panel  discussion  concerning  the 
technology  available  for  preparing,  inspecting  or  ship¬ 
ping  KGD.  Each  presenter  was  provided  a  copy  of 
Revision  2.0  of  Technology  Assessment  Guideline  for 
Methods,  Materials  and  Equipment  Necessary  to  Prepare 
and  Ship  Semiconductor  Devices  as  Fully  Warranted 
Bare  Die  Product  prior  to  the  meeting.  This  ensured  that 
all  presentations  were  focused  on  the  technical  issues 


involved  with  preparing  KGD. 

On  14  May,  1993,  the  KGD  task  group  met  at  MCC 
to  review  the  supplier  forum,  add  shipping  guidelines  to 
the  Technology  Assessment  Guideline  for  Methods, 

Materials  and  Equipment  Necessary  to  Prepare  and  Ship  * 

Semiconductor  Devices  as  Fully  Warranted  Bare  Die 
Product  and  review  the  plans  for  Phase  II  of  the  program. 

The  requirements  for  shipping  KGD  were  added  and  the 
Technology  Assessment  Guidelines  were  upgraded  to  » 

revision  2.5. 

On  29  July,  1993  MCC  held  the  sixth  task  group 
meeting  at  the  DFW  Airport  Marriott  in  Dallas,  Texas. 

The  purpose  of  the  meeting  was  to  review  progress  on  all 
deliverables  for  phase  I  of  the  project. 

TAB  and  Flip-Chip  Addenda  to  the  Procurement 
Specification 

The  Standard  for  Procurement  and  Use  of  Known- 
Good  Die  which  was  developed  h--*he  task  group  and 
submitted  to  JEDEC  for  standardL  uon  was  edited  by 
JEDEC  13  Task  Group  JC-13-92-04  as  result  of  JEDEC 
Survey  Ballot  JC-13-92-191.  The  latest  version  of  the 
Standard  for  Flip-Chip  Known  Good  Die  was  edited  to 
match  language  of  JEDEC  Ballot  version.  This  Flip-Chip 
version.  Working  Version  1.0, 22  July,  1993,  was  re¬ 
viewed  and  the  updated  version  will  serve  as  the  addenda 
to  the  JEDEC  standard.  It  was  submitted  to  the  JC- 13 
committee  in  August  1993. 

The  task  group  recommended  turning  over  to  the  JC- 
13  subcommittee  on  TAB,  the  Standard  for  Providing/ 

Using  Known-Good  Die,  Addendum  for  Tape  Automated 
Bonded  Die,  Draft  2.0, 9  Apr  93.  This  was  also  done  in 
August  1993. 

Technology  Assessment  Guideline 

Rev  2.5  of  the  Technology  Assessment  Guidelines  as 
updated  by  the  task  group  subcommittee  after  May  14 
update  was  reviewed;  this  latest  rev  2.9  was  presented  to  * 
the  task  group  at  the  meeting. 

A  number  of  new  assessment  criteria  were  suggested 
by  the  task  group,  including  shock  and/or  vibration  and 
time  at  bum-in  temperature.  The  task  group  also  sug¬ 
gested  that  definitions  of  test  methods  and  specifying  the 
conditions  for  evaluating  the  technologies  are  needed. 

These  latest  updates,  including  test  methods  for  all  test 
rules,  are  included  as  revision  3.0  in  Section  III  if  this 
report. 
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Phase  II  Plan 


The  phase  II  plan  includes  a  two-level  strategy  to 
evaluate  the  capability  of  selected  KGD  methods  to  meet 
the  KGD  Technology  Assessment  Guideline  and  to 
produce  known  good  die.  The  details  of  the  phase  n  plan 
are  contained  in  Section  Hof  this  report 

A  second  industry  meeting  was  held  at  MCC  in 
Austin  on  October  12, 1993  to  present  the  results  of  the 
KGD  technical  assessment  A  preliminary  draft  of  the 
phase  I  report  was  available  for  review  and  discussion. 
Some  of  the  comments  from  that  meeting  have  led  to  the 
improved  detail  of  the  readiness  categorization. 


4.0  Assessment/Scoring  Methodology 


Sub  section  6.0  of  this  section  of  the  report  contains 
the  descriptions  of  the  24  KGD  approaches  we  assessed. 
The  following  paragraphs  (Hitline  the  methodology  and 
content  of  the  descriptions.  The  information  contained  in 
the  assessments  has  been  obtained  from  published  papers 
and  from  interviews  with  individuals  representing  the 
supplier  company.  Each  of  these  descriptions  has  been 
prepared  by  MCC  personnel,  and  has  been  verified  for 
correctness  and  nonproprietary  content  by  individuals  at 
each  of  the  supplier’s  facilities. 

General  Information 

Background  information  on  the  technology  develop¬ 
ment  and  the  vendor  is  givea  A  very  brief  description  of 
the  approach  is  provided,  along  with  the  type  of  contact 
mechanism  employed,  the  alignment  method  used,  and 
the  provisions  for  thermal  management  Finally,  a  brief 
synopsis  of  the  vendor  readiness  to  provide  this  technol¬ 
ogy  is  provided.  This  section  is  intended  to  provide  a 
brief  summary  of  the  technology  available  for  readers  in  a 
hurry,  without  interest  in  the  details  of  the  technology. 

Technical  Description 

This  section  is  a  textual  description  of  the  KGD 
assurance  technology,  including  the  process  methods 
required  to  use  it  This  description  also  contains  a  draw¬ 
ing  or  photograph  intended  to  illustrate  the  technology 
described  wherever  possible.  This  description  has  been 
prepared  by  MCC  personnel,  and  is  intended  to  be  non- 
proprietary. 

Readiness  Level 

Most  of  the  KGD  technologies  we  assessed  are  in  the 
development  stage,  and  are  changing.  In  order  to  accu¬ 
rately  portray  the  state  of  readiness  of  each  technology, 
we  have  provided  information  in  five  areas;  a  readiness 
category,  the  equipment  status,  process  status,  capacity 
issues,  and  qualification  issues,  are  described  in  detail. 

Readiness  Category 

We  have  established  four  categories  for  readiness,  as 
follows: 


Conceptual:  These  are  ideas  in  the  formative  stages, 
with  no  prototypes  or  test  data  available. 

In  Development  These  KGD  methods  are  currently 
being  developed  by  a  supplier,  and  prototypes  are  being 
built  and  assembled  at  the  supplier’s  site. 

Alpha  Test:  These  KGD  methods  have  had  proto¬ 
types  developed  and  initial  production  units  are  currently 
being  tested  and  evaluated  for  use  in  providing  KGD  at  a 
user  site. 

In  Production:  These  methods  are  being  used  to 
deliver  KGD  or  KGD  assurance  technology  devices  to 
customers.  The  KGD  technology  must  be  fully  devel¬ 
oped  and  qualified  for  use  to  achieve  this  category. 

Equipment  status 

MCC  personnel  have  attempted  to  describe  the 
equipment  required  for  end  user  processing  of  KGD  using 
the  given  technology.  This  usually  involves  assembly  of 
die  into  carriers  and  subsequent  disassembly.  Where 
possible,  we  have  also  described  the  equipment  required 
by  the  supplier  to  produce  the  KGD  assurance  technology 
devices.  This  section  describes  the  availability  of  that 
equipment 

Process  status 

Some  of  the  KGD  technologies  presented  involve 
processing  steps  at  the  wafer  level.  Where  appropriate, 
this  section  discusses  the  developmental  stage  of  these 
processes.  This  section  also  addresses  the  die  to  carrier 
assembly/disassembly  process  status. 

Capacity  issues 

The  KGD  production  capability  is  discussed  in  this 
section.  Limitations  in  production  capacity  are  indicated 
here. 

Qualification  issues 

This  section  discusses  the  work  performed  by  the 
supplier  to  date  to  test  and  qualify  the  KGD  technology 
for  general  production  of  KGD. 


Alignment  Method 

The  alignment  method  pertains  mainly  to  probe  set 
approaches.  Mechanical  alignment  is  a  method  of  placing 
the  die  in  the  carrier  by  referencing  the  edges  of  the  die, 
which  implies  they  are  always  within  some  specified 
tolerance.  Tire  concern  here  is  with  the  tolerance  of 
typical  IC  manufacturers’  sawing  process'.  Manual 
optical  alignment  refers  to  the  use  of  an  optical  method  of 
aligning  the  die  bond  pads  with  the  carrier  contacts 
involving  an  operator  to  make  the  necessary  adjustments, 
typically  by  observing  the  movements  through  a  micro¬ 
scope.  Automatic  optical  alignment  refers  to  the  use  of 
an  optical  method  of  aligning  the  die  bond  pads  with  the 
carrier  contacts  involving  a  computer  based  vision  system 
and  robotic  actuators  to  position  the  die  in  reference  to  the 
carrier. 

Contact  Mechanism 

There  are  several  approaches  to  contacting  the  die 
bond  pads  presented  by  the  KGD  technology  suppliers  in 
this  report,  some  of  which  are  considered  proprietary. 
Wherever  permitted,  we  have  indicated  whether  the 
contact  is  made  with  a  scrubbing  (x,  y  action)  or  a 
piercing  or  burnishing  (z-only)  action. 

Key  Features 

This  contains  a  list  of  tire  key  features  of  the  technol¬ 
ogy,  compiled  by  MCC  personnel  from  information 
provided  by  the  suppliers.  In  many  cases,  features 
indicated  by  the  supplier  were  considered  to  be  TAG 
requirements,  and  are  not  listed  here  specifically. 

Noncompliance  with  Technology  Assessment 
Guidelines 

This  section  contains  a  list  of  exceptions  to  the 
Technology  Assessment  Guidelines.  The  full  TAG 
worksheet  for  each  approach  is  included  with  each 
description. 

Process  Flow  Description 

MCC  personnel  used  available  supplier  information 
to  describe  the  likely  process  flow  for  each  known  good 
die  technology.  This  is  primarily  the  procedure  for 
assembling  and  dissassembling  the  die  in  the  KGD 
assurance  technology  devices. 


Advantages 

A  list  of  advantages  of  the  particular  technology  is 
given.  Features  which  meet  the  TAG  requirements  are 
not  listed  as  an  advantage.  If  the  majority  of  the  suppliers 
are  expected  to  have  this  advantage,  it  is  also  not  listed. 
This  list  is  compiled  by  MCC  personnel. 

Disadvantages 

A  list  of  disadvantages  of  the  particular  technology  is 
given.  Features  which  do  not  meet  TAG  requirements  are 
discussed  in  Noncompliance  with  Technology  Assess¬ 
ment  Guidelines.  This  list  is  compiled  by  MCC  person¬ 
nel. 

Concerns 

This  section  contains  the  concerns  raised  by  MCC 
personnel  and  others  with  regard  to  a  particular  technol¬ 
ogy.  These  items  typically  include  missing  pieces  of 
important  information,  trade  offs,  and  potential  rather 
than  actual  problems  with  the  technology. 

Equipment  Required 

Each  technology  is  dependent  on  some  equipment  for 
processing.  In  some  cases,  this  is  standard  equipment, 
such  as  wire  bonders  and  package  handling  equipment, 
and  in  other  cases,  custom  designed  equipment  is  re¬ 
quired.  MCC  has  attempted  to  provide  as  much  informa¬ 
tion  as  is  possible  about  the  equipment  required;  however, 
details  are  often  unknown  or  as  yet  undefined.  An 
example  table  is  given: 


Item 

Cost 

Throughput 

Assembler 

$100Kto$200K 

20  die/hr 

Equipment  Description  for  Automated  Process 

A  description  of  the  process  equipment  required  in 
order  to  have  a  fully  automated  assembly/disassembly  of 
chip-to-carrier  is  givea  Information  from  suppliers  is 
limited;  therefore,  these  are  largely  derived  from  engi¬ 
neering  knowledge  by  MCC  personnel. 


1  See  Section  n.  Appendix  B  for  a  discussion  of  wafer  saw  requirements  for  mechanical  alignment 

13 


Table  10:  Example  of  TAG  Worksheet 


TAG  Requirements 


Interconnect  Rules 

Planarity:  Pad  to  pad  height  variation 
IC  Pad  planarity 
Metallurgy  accepted 
Metallurgy  Changes  required 


Interconnect  Rules  Subtotal 


Guideline 


up  to  1.0|im  variation 
NO  planarity  degradation  of  die 
Al,  Au,  Solder 

NO  change  in  quality /reliability 


Weight 

Score 

2 

2 

2 

2 

2 

0 

3 

3 

Cost 


The  following  table  illustrates  the  method  of  cost 
comparison,  with  the  criteria  used  to  rate  costs  as  low  ($), 
medium  ($$)  or  high  ($$$)  for  selected  technologies. 


Table  1 1 :  Cost  Comparison  Chart 

Factor 

Comment 

Cost 

No  additional  processing 

$ 

Wafer  Processing 

Bumping  required 

$S 

Rerouting  required 

$$$ 

Parity  w/plastic  pkg  possible 

$ 

Materials  cost  per  use 

Parity  w/ceramic  pkg  possible 

$$ 

Parity  w/any  [deg  unlikely 

$$$ 

Simple  approach,  low  cycle  time 

$ 

Assembly  and 

Higher  cycle  time  than  average 

$$ 

Disassembly 

Very  high  cycle  time  and/or 
potential  for  damage  to  carrier 
or  die 

sss 

Cost  information  given  by  the  supplier  may  also  be 
listed. 


Comments 

This  section  contains  general  comments  from  MCC 
personnel  pertaining  to  the  technology  and/or  its  applica¬ 
tion. 

Supplier  Business  Information 

The  supplier  company  name,  address,  phone,  primary 
business,  number  of  employees,  and  1992  sales  or 
revenue  are  given  if  available. 

Contact(s) 

The  name,  address  if  different  from  above,  and 
telephone/fax  numbers  are  given  for  the  individual(s) 
primarily  responsible  for  the  KGD  technology  within  the 
supplier  company. 


4.1  Drawing  or  Photo 

Where  possible,  a  drawing  and/or  photo  of  the 
technology  is  included.  These  diagrams  are  often  con¬ 
tained  within  the  technical  description  or  process  flow 
sections,  wherever  appropriate. 

42  Technology  Assessment  Guidelines 

Worksheet 

The  two-page  TAG  worksheet  contains  the  “rules” 
from  the  KGD  Technology  Assessment  Guidelines  (Rev. 
2.5)  in  the  form  of  a  spreadsheet  The  TAG  Requirements 
column  gives  the  “rule;”  the  Guideline  column  lists  the 
tolerance  or  limits;  the  third  column  indicates  whether  or 
not  the  technology  meets  the  guideline;  the  weight 
column  contains  the  weight  or  priority  of  that  feature  on  a 
scale  of  1  to  3;  the  last  column  gives  the  score.  The  score 
equals  the  value  of  the  weight  in  cases  where  the  TAG  is 
met  or  zero  in  cases  where  it  is  not  met 

Table  10  shows  an  example  of  the  worksheet.  This  is 
for  section  3.5,  Die  Interconnect  Quality  of  the  KGD 
Technology  Assessment  Guidelines.  Each  subsection  is 
summed  and  added  to  make  the  final  TAG  score.  The 
line  items  in  this  worksheet  and  the  “weight”  of  each  was 
defined  by  the  KGD  technology  subcommittee,  com¬ 
prised  of  representatives  from  throughout  the  electronics 
industry.  MCC  personnel  have  assessed  each  technology 
by  line  item,  to  determine  if  the  technology  meets  each 
requirement 

It  should  be  noted  that  the  technologies  were  as¬ 
sessed  against  Rev.  2.5  of  the  TAG,  while  the  version 
given  in  Section  III  is  Rev.  3.0.  In  order  to  complete  the 
assessment  during  the  time  that  revisions  continued  to  be 
made  to  the  TAG.  It  was  necessary  to  fix  the  version  at  an 
earlier  date. 
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5.0  Cost  Analysis 


5.1  Introduction 

The  cost  analysis  efforts  presented  in  this  report 
address  general  Known  Good  Die  (KGD)  cost  issues 
rather  than  specific  carrier+interconnect  technology 
approaches.  Based  on  industry  interest,  the  focus  is  on 
temporary  contact  methodologies;  however,  rhe  results 
are  generally  applicable  to  soft  contact  technologies  as 
well  The  analyses  were  performed  using  a  Monte  Carlo 
simulation  in  an  MCC  developed  cost  model.  This 
method  provides  an  effective  means  of  handling  a  large 
number  of  variable,  complex  interactions  and  a  high  level 
of  uncertainty  with  respect  to  specific  values.  The  results 
are  expressed  as  the  cost  ratio  (KGD/Pkg)  between  bare 
die  (KGD)  and  conventionally  packaged  die  (Pkg). 

5.2  Methodology 

The  cost  model  simultaneously  follows  a  typical 
process  flow  to  KGD  and  its  equivalent  packaged  part 
It  is  significant  to  note  that  the  model  encompasses  the 
entire  process  from  completed  wafer  fabrication  to  die 
ship,  rather  than  focusing  on  assembly  only  (Table  12). 

The  cost  analyses  presented  in  this  report  make  the 
following  assumptions: 

•  Total  number  of  die  fabricated  is  500,000. 

•  Equipment,  methodologies,  and  times  to  test  and 
bum-in  are  identical  for  conventional  packaging  and 
KGD. 

•  Wafer  fabrication  costs  are  identical  for  conven¬ 
tional  packaging  and  KGD  (since  use  of  temporary 


contact  methodologies  are  expected  to  require  no 
additional  wafer  processing). 

•  Uniform,  domestic  labor  rates  are  used,  except  for 
conventional  package  assembly. 

•  Conventional  package  assembly  costs  are  derived 
from  Messner  [1]. 

The  complexity  of  the  model  requires  a  case  study 
approach  (with  key  KGD  independent  variables  fixed). 
The  baseline  case  is  a  moderately  sized  die  (0.42  cm2) 
with  a  medium  number  of  VO  (74).  The  product  life  is 
assumed  to  be  2  years  and  bum-in  time  is  set  at  24  hours. 
These  two  counteractive  effects  represent  a  rough  com¬ 
promise  between  typical  commercial  and  military  appli¬ 
cations. 


Interconnect  Tooling  $/prod 


$5,000  $  7,500  $15,000 


Figure  6.  Example  of  input  Distribution 


A  number  of  factors  influence  the  cost  of  KGD 
relative  to  conventionally  packaged  parts.  Most  factors 
can  be  identified  as  either  dependent  or  independent  of 
the  specific  KGD  technology  used.  The  value  for  each 
factor  is  derived  from  one  or  more 
inputs,  with  the  model  containing 
over  100  inputs.  Slightly  less  than 
half  are  fixed  at  one  value;  the  others 
are  defined  by  ranges  and  distribu¬ 
tions.  The  variable  inputs  are 
primarily  related  to  KGD  dependent 
factors  and  are  listed  and  explained 
in  Appendix  1.  An  example  input  is 
given  in  Figure  6  above,  whore  the 
range  for  interconnect  tooling  is  set 
at  $5000  to  $15,000,  with  the  most 
likely  value  being  $8,000.  This  input 


Process  Step 

Applies  to: 

Key  Inputs 

1 

Wafer  fabrication  anc 
sort 

KGD  &  Pkg 

Die  area,  #  of  I/O, 
defectivity 

2A 

Assembly  into  a 
carrier 

KGD 

See  Appendix  1 

26 

Assembly  into  a 
conventional  package 

Pkg 

#  of  I/O,  Messner's 
formulas  ill 

3 

Bum-in 

KGD  &  Pkg 

Bum-in  time,  BIB  costs, 
and  operation  parameter 

4 

Final  test 

KGD  &  Pkg 

Cost  per  die 

5 

Disassembly 

KGD 

See  Appendix  1 

Table  12.  Process  Flow  and  Key  Inputs  for  KGD 
and  Pkg 
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is  one  of  the  many  used  to  calculate  the  factor  “cost  of 
carrier+interconnecl” 

Each  Monte  Carlo  simulation  includes  a  total  of  1000 
runs.  This  captures  the  potential  variability  in  the  input 
ranges  and  accounts  for  the  uncertainty  in  assigning 
specific  values.  Each  of  the  1000  runs  uses  randomly 
selected  values  from  the  defined  input  distributions.  The 
output  of  a  simulation  is  a  population  of  possible  results, 
which  are  analyzed  and  expressed  as  a  mean  and  standard 
deviation.  The  graphs  below  depict  a  minimum  of 
10,000  runs,  with  the  individual  data  points  representing 
the  mean  of  the  population.  When  present,  the  error  bars 
represent  1  sigma  limits. 

5.3  Results 

Known  Good  Die  costs  are  influenced  by  both  KGD 
technology  dependent  and  independent  variables  (Table 
13).  In  addition,  relative  cost  is  affected  by  changes  in 
the  cost  of  either  KGD  or  Pkg.  One  of  the  key  influences 
on  package  cost  and  therefore,  the  KGD/Pkg  ratio,  is  the 
package  type  to  which  it  is  being  compared.  The  relative 
cost  of  KGD  increases  by  up  to  a  factor  of  2  if  it  is 
compared  to  plastic  rather  than  ceramic  parts  (Figure  7). 
Many  die  suppliers  are  targeting  parity  with  plastic  parts; 
however,  in  some  cases  parity  with  ceramic  is  adequate 
to  justify  investment  in  KGD. 


Die  Complexity 
Log  (cmA2  *  I/O) 


Figure  7.  Die  Complexity  and  Package 
Type  vs  KGD/Pkg 

Die  complexity  has  a  significant  effect  on  the  relative 
cost  of  KGD,  because  of  increased  cost  of  conventional 
package  costs.  The  model  assumes  a  much  greater 
penalty  for  high  pin  counts  in  conventional  packaging 


Technology  Dependent 
or  Independent  Factor 


Die  Complexity 
log  (cmA2  per  die  *  I/O  per 
_  die) 


Number  of  Uses  per 
Carrier+Interconnect 
_ (C+I  Life) 


Product  Life 
(Effective  life-time  of 
interconnect  design) 


Cost  of  Canier+Interconnec 
(C+D 


Bum-in  Hours  per  Cycle 


Cycle  time  per  die 
Assem-t-  Disassemb  +  Clean 


Desired 

Trend 


Comments 


Full 

Range 


More  Conventional  package  has 
complex  is  higher  per-pin  costs  than 
better  KGD. 


Number  of  C+I  uses  is  the 
More  uses  most  critical  factor  when  this 
is  better  number  is  small  (<100) 


Longer  is  Cost  of  C+I  is  amortized  ove 


better 


Lower  cost 
is  better 


ESZ3iES 

WSM 


Lower  cost 
is  better 


a  greater  number  of  uses 


Reduced  material  cost 


Number  of  uses  per  C+I  is 
higher  for  a  given  thermal  lifi 


Reduced  demand  on  labor 
and  eaumment 


$0.03  to 

Reduced  capitalization  cost  $0.46  per 

die 


Table  13.  Influence  of  Technology  Factors  on  KGD/Pkg  for  a  given  packaging  type 


than  for  KGD  temporary  contact  carriers.  This  is  because 
in  conventional  packaging,  costs  increase  significantly 
with  pin  count  The  KGD  carrier  has  a  small  penalty  for 
pin  count  in  order  to  account  for  increased  complexity  of 
the  interconnect  but  assembly  costs  change  very  little  (if 
any)  as  the  number  of  LG  is  increased.  An  increase  in  die 
size  with  the  same  pin  count  has  very  little  effect  on  the 
cost  ratio.  As  die  size  increases,  yield  decreases  for  a 
given  defect  density  [2]  resulting  in  increased  scrap  rates 
of  conventional  packages.  However,  this  benefit  to  the 
KGD/Pkg  ratio  is  offset  by  the  loss  of  an  amortized  use  of 
the  KGD  carrier+interconnect  (since  it  has  been  used  to 
bum-in  a  die  that  cannot  be  sold). 

Product  life  and  bum-in  time  are  both  KGD  technol¬ 
ogy  independent  factors  which  have  a  very  significant 
effect  on  the  cost  of  KGD.  In  some  instances  their  effect 
can  have  a  greater  influence  on  the  cost  of  KGD  than  the 
factors  which  are  directly  related  to  the  selection  of  a 
specific  KGD  approach  (Table  13).  Both  product  life  and 
bum-in  time  affect  the  maximum  number  of  potential 
uses  for  a  given  carrier+interconnect,  consequently 
increasing  amortization  effects  (Figure  8).  Over  the 
ranges  selected  in  this  analysis,  product  life  has  a  slightly 
more  significant  effect  than  bum-in  time.  An  increase  in 


Figure  8.  Product  life  and  Bum-In  Time  vs  Number 
of  Carrier+interconnect  (C+l)  Uses 


Figure  9.  Cost  of  Carrier+interconnect  (C+l)  and 
Number  of  Uses  vs  KGD/Pkg 


product  life  increases  the  potential  number  of  uses  before 
the  interconnect  is  made  obsolete  by  design  changes.  A 
decrease  in  bum-in  time  will  also  increase  the  potential 
number  of  uses  because  it  provides  more  uses  for  a  given 
interconnect  thermal  life  (i.e.,  it  decreases  thermal 
exposure  pa- use). 

The  two  most  important  KGD  technology  factors 
which  affect  cost  are  the  cost  of  the  carrier+interconnect 
(C+I)  and  the  number  of  times  that  it  can  be  used.  If  the 
number  of  uses  is  low  (<100),  it  is  by  far  the  most 
important  cost  driver.  Figure  9  illustrates  the  importance 
of  determining  both  factors  in  selecting  a  cost  effective 
KGD  technology.  The  maximum  possible  number  of 
uses  for  any  carrier+interconnect  is  limited  by  product  life 
and  is  unlikely  to  be  more  than  1000.  The  actual  number 
of  uses,  however,  is  more  likely  to  be  determined  by  the 
thermal/mechanical  life  of  the  interconnect  and/or  probe 
tips.  Based  on  analysis  completed  to  date,  it  is  believed 
that  100  uses  is  a  desirable  minimum  number.  Determi¬ 
nation  of  carrier+interconnect  life  for  specific  KGD 
approaches  will  be  critical  for  accurately  determining 
costs  of  those  particular  technologies.  Fortunately, 
thermal  life  and  temperature  cycling  tests  are  relatively 
easy  to  perform  in-house. 
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Cycle  time  fa*  assembly  and  disassembly  of  the  die 
into  the  carrier  has  a  moderate  to  low  effect  on  KGD 
costs.  Longer  cycle  time  adds  to  cost  by  decreasing 
throughput  and  potentially  increasing  the  amount  of  labor 
required.  The  cost  of  equipment  has  a  very  low  effect  on 
KGD  cost  (a  third  less  than  cycle  time).  Cycle  times  and 
equipment  costs  will  probably  be  fairly  difficult  to 
determine  until  the  processes  mature.  Most  of  the 
suppliers  do  not  yet  have  production  lines  in  place,  many 
have  not  yet  identified  key  pieces  of  equipment  cm-  levels 
of  automation,  and  some  have  not  made  a  final  decision 
on  the  exact  process  flow.  Fortunately  both  cycle  time 
and  equipment  costs  have  relatively  low  effects. 

5.4  Conclusions 

Cost  effectiveness  of  KGD  will  ultimately  depend  on 
the  point  of  reference.  Parity  with  ceramic  parts  will  be 
easier  to  achieve  than  with  plastic.  In  addition,  the  nature 
of  the  product  itself  will  have  a  larger  impact  on  the 
relative  cost  than  will  most  KGD  technology  dependent 
factors.  Ideally  the  die  have  a  high  pin  count,  a  low  bum- 
in  time,  and  a  long  product  life.  A  die  with  a  large 
number  of  I/O  will  be  more  cost  effective  than  a  less 
complex  die  because  of  the  cost  savings  over  conven¬ 
tional  package  costs.  A  design  which  is  expected  to  have 
a  relatively  long  product  life  will  also  provide  greater 
economic  benefits  by  increasing  the  potential  number  of 
uses  per  carrier+interconnect  and  the  amortization  of  the 
carrier+interconnect  design.  A  reduction  in  bum-in  time 
will  increase  the  number  of  uses  per  C+I  (assuming  a 
limited  thermal  life). 

The  two  most  critical  KGD  technology  dependent 
factors  are  the  cost  of  the  carrier+interconnect  and  the 
number  of  uses  per  C+I.  The  number  of  uses  is  especially 
critical  when  the  number  of  uses  is  low  (<100).  These 
two  factors  are  probably  best  expressed  in  combination  as 
a  ratio  of  C+I  cost  to  number  of  uses  per  C+I.  Analysis  to 
date  indicates  that  the  desired  minimum  number  of  uses  is 
about  100.  This  is  expected  to  be  controlled  by  the 
thermal/mechanical  life  of  the  carrier+interconnect.  The 
benefit  of  improving  carrier+interconnect  life  diminishes 
rapidly  after  several  100  uses  due  to  the  use  limits 
imposed  by  product  life.  For  this  reason,  it  is  unlikely 
that  any  carrier+interconnect  will  be  used  more  than  1000 
times. 


5.5  Appendix 

See  Appendix  1  at  the  end  of  Section  I. 
References: 

[1]  G.  Messner,  Price/Density  Tradeoffs  of  Multichip 
Modules,:  Proceedings  of  the  International  Symposium  on 
Hybrid  Microelectronics  (ISHM),  pp.  28-36,  Seattle,  WA, 
October  1988. 

[2JB.T.  Murphy,  “Cost-Size  Optima  of  Monolithic  Inte¬ 
grated  Circuits,  ”  Proc  IEEE,  vol.  52,  pp.  1527  - 1545, 
(1964). 
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6.0  Technical  Assessments  of  Selected  Approaches 


Soft  Connection  Approaches  to  KGD - 21 

Temporary  Contact  Approaches  to  KGD- — - 51 

Minimal  Package  Approaches  to  KGD - 123 


Soft  Connection  Approaches  to  KGD 


Chip  Supply 
Elmo  Semiconductor 
General  Electric 
IBM 

Micron  Semiconductor 
MCNC 
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CHIP  SUPPLY,  INC. 

SofTAB/Softool 


Chip  Supply 


General  Information 

Chip  Supply  began  supplying  known  good  die  by 
providing  hard-bonded  TAB  components,  and  supplanted 
their  capability  by  licensing  the  “Softool”  technology 
from  Micron  Semiconductor  (see  Micron  Softool).  Chip 
Supply  has  since  developed  a  known  good  die  technology 
of  then-  own,  called  “SofTAB.”  This  new  technology  is 
based  on  using  TAB  leadffames  and  processing  equip¬ 
ment,  and  performing  a  “soft”  inner  lead  bond  to  gold 
bumped  die,  which  is  removable  after  test  and  bum-in. 
See  Figure  10.  Contact  methodology  is  a  soft  bond  with 
alignment  performed  by  a  TAB  inner  lead  bonder. 
Thermal  management  is  not  provided,  although  the  die 
backside  is  left  accessible  for  contact  in  the  TAB  slide 
carrier.  All  three  of  these  methods  are  in  production  now. 
The  following  will  focus  on  SofTAB.  A  discussion  of 
Softool  is  included  under  Micron. 

Technical  Description 

Chip  Supply’s  “second  generation”  approach  to 
supplying  known  good  die  is  based  on  a  mature  in-house 
TAB  capability.  Wafers  are  gold  bumped  in  the  same 
manner  as  for  TAB.  Thickness  of  the  bumps  can  be 
varied  to  accommodate  different  final  assemblies  includ¬ 
ing  HDL  The  TAB  tape  frame  is  fabricated,  and  lightly 
attached  to  the  gold  bumped,  peripheral  bond  pads  of  the 
die.  After  bum-in  and  test  using  TAB  sockets,  the  tape 
frame  is  removed  with  a  modified  pull  tester,  and  the  die 


Figure  10.  Soft  Bonded  TAB  Carrier 


is  visually  inspected.  Finished  KGD  are  delivered  in 
waffle  packs.  The  finished  die  have  gold  plated  bumped 
bond  pads  which  are  sealed  to  the  glassivation  for 
enhanced  reliability.  These  bond  pads  readily  accept  gold 
wire  bonds,  and  in  bondability  tests  performed  by  cus¬ 
tomers,  the  gold  to  gold  attach  using  both  wedge  and  ball 
techniques  has  yielded  100  percent  wire  breaks. 

Readiness  Level 
Readiness  Category: 

This  technology  is  currently  in  production. 
Equipment  status: 

All  necessary  equipment  is  currently  in  place  and 
ready  for  use. 

Process  status: 

The  process  for  SofTAB  is  completely  developed  and 
has  been  independently  verified. 

Capacity  issues 

The  SofTAB  approach  is  capable  of  handling  high 
I/O,  fine  pitch,  and  high  volume  requirements.  Tooling  is 
required  for  each  new  TAB  tape  design.  Gang  bonding 
and  removal  of  tape  is  possible. 

Qualification  issues: 

This  method  is  currently  in  production  and  is  being 
used  to  ship  known  good  die.  The  quality  of  the  bond 
pads  on  shipped  die  has  been  verified  by  customers.  Since 
an  actual  bond  is  made,  quality  of  bum-in  and  testis 
expected  to  be  equivalent  to  traditional  TAB. 

Alignment  Method 

Alignment  is  done  by  visual  set  up  of  an  inner  lead 
bonder  and  is  automatic  thereafter. 

Contact  Mechanism 

Contact  to  die  is  made  with  temporary  TAB  bonds. 
Key  Features 

SofTAB  is  based  on  mature  TAB  technology. 
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Noncompuance  with  Technology  Assessment 
Guidelines 

The  TAB  based  technology  is  limited  to  use  with  die 
which  have  peripheral,  gold-bumped  bond  pads. 

•  TAB  approach  means  that  die  with  area  array  pads 
cannot  be  bumed-in  or  tested 

•  Process  not  designed  to  convert  from  array  to 
peripheral  bond  pads. 

•  SofTAB  process  not  defined  for  use  with  A1  pads. 

•  Additional  wafer  processing  required  (Au-bump- 
ing). 

•  Cannot  accommodate  incoming  solder  bumped  die: 
SofTAB  process  not  defined  for  use  with  solder 
bumps;  Au-bump  processing  requires  aluminum 
pads  as  initial  surface. 

It  is  assumed  that  the  TAB  tape  will  be  single  level 
and  therefore  unable  to  achieve  50  ohm  controlled 
impedance. 

SofTAB  was  not  penalized  for  degradation  to  bond 
pads  since  the  contacts  are  gold-to-gold.  Lack  of  damage 
is  supported  by  EDS  analysis  and  pull-strength  tests. 

Process  Flow  Description 

1.0  Begin  with  gold  bumped  die. 

2.0  Soft  ILB  TAB  tape  leads  to  die  bumps. 

3.0  Test  at  room  temperature. 

4.0  Bum-in  (160  hrs  @  125°C  or  80  hrs  @  150°Q. 

5.0  Test  at  specified  temperatures  (-55°C  to  125°C 
available). 

6.0  Remove  T AB  contacts  from  die  using  modified 
pull  test  equipment 

7.0  Inspect 

8.0  Transfer  die  to  shipping  containers. 

Advantages 

•  Uses  existing  TAB  assembly. 

•  Demonstrated  technology,  currently  in  use. 

•  Wide  assembly  window;  10%  process  variation  will 
retain  good  pull  strength  and  still  remove  easily  with 
shear  because  of  flat  interface. 

•  Uses  existing  TAB  tape  slide  carriers. 


Disadvantages 

•  Cooling  required  for  high  power  dynamic  bum-in 
may  be  a  challenge. 

•  See  also  Noncompliance  with  Technology  Assess¬ 
ment  Guidelines.  * 

Concerns 

•  Selection  of  this  technology  means  that  wafers  must  * 
be  gold  plated  or  bumped.  Hating/bump  process 

adds  environmental  protection  to  die  in  the  form  of 
gold  sealed  to  glassivation.  However,  it  may  also 
introduce  defects  and  limit  final  assembly  options.  If 
(Referred  final  assembly  requires  gold  pad  then  the 
cost  of  wafer  bumping  is  value  added. 


Equipment  Required 


Item 

Cost 

Throughput 

TAB  inner  lead  bonder 

$125K 

1  bond/sec 

Modified  pull  tester 

Unknown 

Unknown 

Equipment  Description  for  Automated  Process 

Wafer  processing  equipment  is  required  for  bumping 
the  wafers.  Normal  TAB  equipment  is  used  to  produce 
the  SofTAB  product.  Chip  Supply  uses  a  Hughes  TAB 
inner  lead  bonder  to  form  TAB  bonds  on  die  pads,  and  a 
customized  pull  tester  to  remove  bonds  from  the  die. 

Cost 

SofTAB  requires  a  nonrecurring  engineering  charge 
(NRE)  of  approximately  $16,000  for  tooling  new  prod¬ 
ucts,  plus  an  NRE  charge  for  test  software  (dependent  on 
complexity  of  test).  There  is  no  NRE  charge  for  part 
types  that  Chip  Supply  has  previously  tooled. 


Cost  Factor 

Comment 

Cost 

Wafer  Processing 

Au  bumps 

$$ 

Materials  Cost/Use 

Low  materials  cost  (in 
volume);  low  number  of  use 

$$ 

Assembly, 

Disassembly 

Cycle  time  higher  than 
average 

$$ 

MCC  Cost  Judgement 
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Comments 

SofTAB  KGD  technology  provides  the  benefits  of 
mature  TAB  technology  using  a  process  currently 
available.  This  approach  meets  the  requirements  of  wire 
bonded  applications,  even  though  the  aluminum  bond 
pads  have  been  physically  changed.  Using  this  approach 
means  a  customer  is  paying  for  TAB  tested  and  bumed-in 
die,  but  getting  bare  die  with  gold  pads. 

Supplier  Business  Information 

•  Chip  Supply,  Inc. 

7725  N.  Orange  Blossom  Trail 
Orlando,  FL  32810 
(407)298-7100 


•  Primary  Business:  Electrical  measurements, 

instruments 

•  Total  Employees:  175 

•  1992  Sales:  $18M 


Contact 
Jim  Rates 

PHONE:  (407)  296-5604 
FAX:  (407)2900164 
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TAG  Requirements 


Rules 


BiPoiar 


CMOS 


BICMOS 


Si  On  Insulator 


GaAs 


mam 


CHIP  SUPPLY 

Method:  SofTAB  | 

Specification 

Meets  TAG ?  Weight 

Score 

(Accept 


lAccept 


Mixed 


Memories 


MPUs 


DSPs 


Gate  Arrays 


ASICs 


Peripheral  bond  pads 


Array  pads 


Bumped  die 


Device  T 


Wafer/Die  Size  Rules 


Size 


max  aspect  ratio 


min.  size  tolerance 


Accept 

Accept 

Accept 

Accept 

Accept 

Accept 

Accept 

Accept 

Accept 

Accept 

2 

2 

■ 

1  '  “  1 

3 

3 

2 

r. 

2 

1 

1 

1 

1 

2 

2 

2 

2 

2 

!  i 

2 

2 

lAccept 


2.5K-500K  mi  12 


3  tot 


I  ±0.5  mils  or  larger 


die  thickness 

10 -30  mils 

min.  thickness  tolerance 

±1.0  mils 

Wafer/Die  Size  Rules  Subtotal 

Interconnect  Rules 


t  variation 


1C  Pad  pi 


Metallurgy  accepted 


Metallurgy  Changes  required 


Interconnect  Rules  Subtotal 


Device  Design  Rules 


variation 


of  die 


Al.  Au,  Solder 


in  quality/reliabili 


or  im 

pact  requ 

ired 

NOchan 

Wafer  Fabrication  Rules 


ie  or  Impact  Required 


NOchan 


Wafer  /  Die  Probe  Rules 


Does  NOT  Prohibit  Use  of  wafer  probe 


New  capital  equipment  required  by  fab 


Probe  contact  to  passivation 


eseembb i 


I  NO  probe  contact 


r  Mil  spec  2010.6 


Wafer/Die  Probe  Rules  Subtotal 


Wafer  Mount  and  Saw  Rules 


on  current  practices _ |  NO  change  to  practices 


Accuracy  required  for  edge  placement  of  dj  Does  NOT  require  +/-  0.5  mils 


Wafer  Mount  &  Saw  Rules  Subtotal 


Test  &  Bum  In  •  General  Rules 


BIST  Capable  YES 


Basic  function  test  YES 


simulation/connection  I  YES 
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Supplier:! 

CHIP  SUPPLY  i  Method: 

SofTAB 

TAG  Requirements 


Able  w i  bandwidth 


Backside  electrical  connection 


Pin  1 1dentifier  provided 


Contact 


Contact  passivaion  wells  up  to  8.0  pm 


Test  &  Bum  In  -  General  Rules  Subtotal 


Low  I/O  Test  Rules 


r:::  i "Cirr ’ 


Specification 


YES 


YES 


YES 


YES 


YES 


Meets  TAG 


Carrier  Operation  Temperature 

j0-125°C  | 

Contact  Resistance 

S0.5Q 

> 

Min.  Clock  Freq 

100  MHz 

i _ : 

Pad  contact  (Peripheral,  array,  both) 


Char.  Impedance  1 500  ±1 0% 


Bandwidth  500  MHz 


Power  handling  capa 


Min.  number  of  touchdowns  /  die 


Low  I/O  Test  Rules  Subtotal 


I/O  Test  Rules 


Carrier  Operation  Temperature  1 0-1 25°C 


Contact  Resistance  Is  0.5  0 


Min.  Clock  Freq  100  MHz 


Pad  contact  (Peripheral,  array,  both)  Both 


Pad  metallization  accepted(AI,Au, Solder)  ALL 


Min.  pitch 


Power  handling  capacity  1 10W/cm2 


Min.  number  of  touchdowns  /  die  2 


High  I/O  Test  Rules  Subtotal 


Pad  contact  (Peripheral,  array,  both,  '  .  I  Both 


Pad  metallization  accepted(AI,Au, Solder)  {ALL 


Min.  pad  dimension 


Power  handling  capacity 


Min.  number  of  touchdowns  /  die 


Bum  In  Rules  Subtotal 


Pack  &  Ship  Rules 


per  JEOEC  KGD 


Min.  pitch 

200pm 

> 

Min.  pad  dimension 

100  pm 

> 

3W/cm2 

' 

2 

1 

Min.  pad  dimension 

75  pm 

Char.  Impedance 

50Q  ±10% 

Bandwidth 

500  MHz 

Bum  In  Rules 

Die  Temperature  max 

175°C 

Contact  Resistance 

S0.5O 

Min.  Clock  Freq. 

1 20  MHz 

100  pm 


3  W/cm2  -  10W/cm2 


tion 

YES 

i  ^ 

Inspection 


Allow  optical  inspection  of  device 


TOTAL  SCORE 


Elmo 


ELMO  SEMICONDUCTOR 


General  Information 

Elmo  Semiconductor  uses  their  own  process  for 
overcoating  die,  forming  enlarged  bond  pads,  and  placing 
temporary  bonds  on  the  die  for  bum-in  and  test  The  die  is 
placed  into  a  temporary  package  using  a  thermoplastic  die 
attach,  and  wire  bonded  into  the  package  for  bum-in  and 
test  See  figure  11.  Afterward,  the  wire  bonds  are 
“clipped”  off  and  the  die  is  removed  from  the  temporary 
package.  The  contact  mechanism  is  a  wire  bond,  and  the 
alignment  is  performed  by  a  wire  bonder.  Thermal 
management  is  provided  by  the  temporary  package, 
normally  the  package  the  part  is  usually  provided  in. 

Elmo  is  currently  producing  known  good  die  using  this 
methodology. 


final  application,  new  wire  bonds  are  made  adjacent  to  the 
KGD  bond  sites,  which  is  facilitated  by  the  huger  bond¬ 
ing  area 

Readiness  Level 
Readiness  Category: 

This  technology  is  currently  in  production. 
Equipment  status: 

The  Elmo  process  is  based  on  existing  standard 
equipment  for  wafer  processing  and  die  attach/wire 
bonding  operations.  All  of  this  equipment  is  in  place  and 
ready  for  use  at  Elmo. 

Process  status: 


Technical  Description 

The  Elmo  approach  is  based  on  existing  technology 
and  capabilities.  Wafers  are  coated  with  a  dielectric 
material,  either  organic  or  inorganic,  followed  by  a  step  to 
open  up  the  original  bond  pads.  New  bond  pads  are  then 
formed  over  the  dielectric  coat  These  new  pads  are 
larger  and  may  have  a  less  aggressive  pitch  than  the 
original  die.  The  die  is  placed  in  a  temporary,  reusable 
carrier  with  thermoplastic  die  attach  and  then  wire 
bonded  After  bum-in  and  test,  the  wire  bonds  are  cut  and 
the  die  are  removed  on  carriers.  For  assembly  into  the 


The  wafer  processes  and  the  die  attach/wire  bonding 
operations  involved  are  fully  developed  and  qualified  for 
use. 

Capacity  issues: 

Elmo  capacity  for  production  is  currently  from  1000 
to  2000  die  per  week  (depending  on  the  number  of  die  per 
wafer),  and  all  processes  involved  except  the  wire  clip 
and  die  removal  are  fully  automated  Capacity  is  limited 
by  available  personnel,  not  equipment.  The  capacity  may 
be  quickly  expanded  by  adding  personnel. 


Temporary  Wire  Bond 


Die  Coating 


^  New  Bond  Pad 
Original  Bond  Pad 


Figure  11.  Die  Installed  in  Temporary  Package 
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Qualification  issues: 

The  overcoat  material(s)  are  commonly  used  passiva¬ 
tion  materials,  and  have  been  qualified  for  use  at  Elmo. 
The  effects  of  the  overcoat  of  bonding  over  active  circuits 
'  are  unknown  at  this  time  and  need  to  be  qualified. 

Alignment  Method 

Alignment  is  manual  optical  and  is  performed  on  the 
wire  bonder. 

Contact  Mechanism 

Contact  to  die  is  made  with  temporary  wire  bonds  on 
expanded  die  contact  pads. 

Key  Features 

Enlargement  of  die  contact  pads  provides  enough 
space  for  both  temporary  and  final  wire  bonds. 

Noncompliance  with  Technology  Assessment 
Guidelines 

The  wire  bond  based  technology,  with  required 
rerouting  of  original  aluminum  bond  pads,  is  limited  to 
use  with  die  which  have  peripheral,  aluminum  bond  pads. 

•  Wire  bond  approach  means  that  die  with  area  array 
pads  cannot  be  bumed-in  or  tested. 

•  Process  not  designed  to  convert  from  array  to 
peripheral  bond  pads. 

•  Cannot  accommodate  incoming  Au  or  solder 
bumped  die;  postpassivation  processing,  integral  to 
technology,  requires  aluminum  pads  as  initial 
surface. 

•  Additional  wafer  processing  required  (rerouting  and 
enlargement  of  bond  pads). 

*  The  dielectric  overcoat  was  judged  to  be  potentially 

incompatible  with  GaAs. 

Clipped  ball  bond  left  after  testing  was  judged  to  be  a 
k  degradation  in  the  quality  of  the  final  bond  pad  surface. 

Wire  bonding  in  combination  with  pad  rerouting 
provides  an  uncontrolled  impedance  environment 

Optical  inspection  of  the  die  is  inhibited  by  the 
dielectric  coat 


The  Elmo  process  was  not  penalized  for  number  of 
touchdowns,  since  enlarged  pads  will  accommodate 
multiple  bonds. 

Process  Flow  Description 

1 .0  Begin  with  die  which  have  added  dielectric  and 
rerouted  pads,  per  Elmo’s  postpassivation  process. 

2.0  Inspect 

3.0  Mount  die  in  carrier  with  thermoplastic 
4.0  Wire  bond. 

5.0  Test 
6.0  Bum-indie. 

7.0  Re-test 

8.0  Clip  wire  bonds. 

9.0  Remove  die  from  carrier. 

10.0  Remove  thermoplastic  material  from  backside  of 
die. 

11.0  Transfer  die  to  delivery  packaging. 

Advantages 

•  Uses  existing  wire  bond  assembly  equipment 

•  Enlarged  bond  pads  allow  for  multiple  bonding 
without  violating  pad  damage  ratios. 

•  Standard  existing  package  may  be  used.  No  change 
in  bum-in  and  test  equipment  sockets  or  parameters 
is  required. 

•  Demonstrated  technology,  currently  in  use. 
Disadvantages 

•  Cost  increases  with  pin  count  since  both  assembly 
and  disassembly  are  done  one  pin  at  a  time. 

•  Economic  raise  of  package  is  limited. 

•  See  also  Noncompuance  wrm  Technology  Assess¬ 
ment  Guidelines 

Concerns 

•  “Clipped”  bond  balls  may  affect  final  assembly. 

•  Removal  of  die  attach  material  may  not  be  easy  and/ 
or  may  affect  quality  and  ease  of  final  assembly. 

•  Postpassivation  wafer  processing  provides  addi¬ 
tional  environmental  protection  for  die  and,  if  done 
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at  a  single  location,  may  result  in  uniform  metalliza¬ 
tion  and  therefore,  uniform  bonding  parameters. 
However,  wafer  processing  may  also  introduce 
defects.  Overall,  cost  is  high  relative  to  value  added. 

Potential  for  damage  to  die  because  bonding  over 
active  circuitry. 

Potential  TCE  mismatch  between  passivation  and 
coating  may  result  in  metal  movement 

I/O  limited. 


Cost  Factor 

Comment 

Cost 

Wafer  Processing 

Reroute  required 

$$$ 

Materials  Cost/Use 

Low  number  of  uses 

$$$ 

Assembly, 

Disassembly 

Assembly  increases  with  I/O 
count;  disassembly  time  high 

$$$ 

MCC  Cost  Judgement 

* 


Equipment  Required 

Bern 

Cost 

Throughput 

Pick  and  place  station 

$150K- 

2K  -  7.2K/hr 

$300K 

Wire  bonder 

$120K 

5  wires/sec 

Die  removal  system  $l0OK  20  die/hr 


Equipment  Description  for  Automated  Process 

The  application  of  a  barrier  coat  and  enlarged  bond 
pads  requires  standard  thin  film  and  photolithographic 
equipment  The  pick  and  place  system  would  require  a 
robot  with  four  degrees  of  freedom  and  one  end  effector. 
In  order  to  attach  the  die  to  the  temporary  package,  a 
heated  platen  or  end  effector  would  be  required  to  reflow 
the  thermo-plastic  material.  The  wire  bonder  required 
would  be  a  gold  or  aluminum  ball  bolder  that  is  either 
fully  automatic  (pattern  recognition)  or  semiautomatic 
(manual  fiducial  entry).  The  method  of  wire  removal  is 
assumed  to  be  manual.  The  die  removal  system  would 
require  a  manual,  semiautomatic,  or  fully  automatic 
alignment  system  with  at  least  four  degrees  of  freedom. 
To  remove  the  die  from  the  temporary  package,  a  heated 
platen  or  end  effector  would  be  required  to  reflow  the 
thermoplastic  material.  Depending  on  the  residual 
strength  on  the  attach  material  after  reflow,  the  end 
effector  would  use  either  vacuum  or  another  thermoplas¬ 
tic  material  to  remove  the  die  from  the  temporary  pack¬ 
age. 


Comments 

This  is  one  of  the  few  currently  available  sources  for 
KGD;  however,  it  requires  the  customer  to  pay  for  the 
additional  wafer  processing  and  accept  certain  compro¬ 
mises  and  limitations.  For  wire  bonded,  face  up  applica¬ 
tions  it  is  a  proven  technology  with  an  established  track 
record  and  customer  base.  Rerouting  of  bond  pads  is 
possible;  full  array  is  not 

Supplier  Business  Information 

•  Elmo  Semiconductor  Corporation 
7590  N.  Glen  Oaks  Blvd. 

Burbank,  CA  91504 
(818)768-7400 

•  Primary  Business:  Semiconductors,  related  devices 

•  Total  Employees:  237 

•  1992  Sales:  $18.2M 

Contact 

Larry  Duncan 
PHONE:  (818)768-7400 
FAX:  (818)767-7038 
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TAG  Requirements 


Rules 


BiPolar 


ELMO  Semiconductor 


Method:  no  name 


I  Accept 


CMOS 

Accept  i 

Y 

BICMOS 

Accept 

Y 

Si  On  insulator 

Accept 

Y 

2 

2 

3 

3 

2 

2 

1 

1 

i  Accept 


Accept 


Accept 


Mixed 


Memories 


MPUs 


DSPs 


Gate  Arrays 


ASICs 


Peripheral  bond  pads 


Array  pads 


Bumped  die 


_  Device  Type  Rules  Subtotal 


Wafer/Die  Size  Rules 


Size  I2.5K-500K  mi!2 


max. 


min.  size  tolerance 


diethickness 


min.  thickness  tolerance 


Wafer/Die  Size  Rules  Subtotal 


Interconnect  Rules 


Planarity:  Pad  to  pad  height  variation 


1C  Pad  plana 


Metallurgy  accepted 


Metallurgy  Changes  required _ 


Interconnect  Rules  Subtotal 


Device  Design  Rules 


or  impact  required  _ 


Accept 

Accept 

11 

Accept 

Accept 

Accept 

Accept 

Accept 

Accept 

Accept 

ratio 

|3to1 

±0.5  mils  or  larger 


10  -30  mils 


±1.0  mils 


up  to  1  -0pm  variation 


NO  planarity  degradation  of  die 


Al,  Au,  Solder 


NO  change  in  quality/reiiabilr 


NO  chan 


Wafer  Fabrication  Rules 


or  impact  Required 


NO  chan 


Wafer/  Die  Probe  Rules 


Does  NOT  Prohibit  Use  of  wafer  probe 


New  capital  equipment  required  by  fab 


Probe  contact  to  passivation 


Acceptable  probe  pad  damage 


Wafer/Die  Probe  Rules  Subtotal 


Wafer  Mount  and  Saw  Rules 


Impact  on  current  practices 


Accuracy  required  for  edge  placement  of  di  Does  NOT  require  -*■/-  0.5  mils 


Wafer  Mount  &  Saw  Rules  Subtotal 


Test  &  Bum  In  •  General  Rules 


I  Wafer  probing  OK 


NO  new  equipment  req'd 


NO  probe  contact 


jper  Mil  spec  2010.6 


JNO  change  to  practices 


BIST  Capable 

YES 

Basic  function  test 

YES 

simulation/connection 

YES 
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Supplier:! 

ELMO  Semiconductor  !  Method: 

no  name 

TAG  Requirements 

Specification  Meets  TAG? 

Weight 

Score 

Rc  compatible  w/  bandwidth 


Backside  electrical  connection 


Pin  1 1dentifier  provided 


Contact  passivaion  wells  up  to  1 .5  pm 


Contact  passivaion  weds  up  to  8.0  pm 


Test  &  Bum  In  -  General  Rules  Subtotal 

|  1 

: 

Low  I/O  Test  Rules 

f  1 

;  t 

Carrier  Operation  Temperature 


Contact  Resistance 


Min.  Clock  Freq 


Pad  contact  (Peripheral,  array,  both) 


|0-125°C 


s  o.5  a 


Pad  metallization  accepted(AI,Au,Soider) 

ALL 

Min.  pitch 

200pm 

Min.  pad  dimension 

100  pm 

Char.  Impedance 

50fl±10% 

Bandwidth 

500  MHz 

Power  handling  capacity 

3W/cm2 

Min.  number  of  touchdowns  /  die  ! 

2 

Low  I/O  Test  Rules  Subtotal 


I/O  Test  Rules 


Carrier  Operation  Temperature 


Contact  Resistance 


Min.  Clock  F 


Pad  contact  (Peripheral,  array,  both) 


Pad  metallization 


100  MHz 


Both 


Min.  pad  dimension 


Char.  Im 


Bandwidth 


Power  handlin 


Min.  number  of  touchdowns  /  die 


High  I/O  Test  Rules  Subtotal 


Bum  In  Rules 


Die  Temperature  max  _ 


Ambient  temperature  max 


Contact  Resistance 


Min.  Clock  Freq. 


Pad  contact  (Peripheral,  array,  both) 


Pad  metallization  accepted(AI,Au, Solder) 


Min.  pitch _ 


Min.  pad  dimension  _ 


Power  handling  capacity _ 


Min.  number  of  touchdowns  /  die 


Bum  In  Rules  Subtotal 


Pack  A  Ship  Rules 


per  JEDEC  KGD  specification _ 


150pm 


75  pm 


50Q  ±10% 


500  MHz 


10W/cm2 


accept 

ed(AI,Au,Solder 

L 

ALL 

N 

1 

Inspection 


Allow  optical 


of  device 

YES 

N 

2 

GENERAL  ELECTRIC 

High  Density  Interconnect 


General  Information 

The  High  Density  Interconnect  (HDD  module  technol¬ 
ogy  developed  at  General  Electric,  requires  known  good 
die1.  In  response,  an  adaptation  of  the  HDI  process  is  being 
developed.  This  technology  involves  overcoating  the  die 
and  forming  temporary  bond  pads  cm  the  die  overcoat 
layer,  then  temporarily  placing  the  die  into  a  package  and 
wire  bonding  to  it  After  bum-in  and  test,  the  wire  bonds 
are  pulled  and  the  die  is  removed  from  the  package.  The 
temporary  bond  pads  are  etched  from  the  die,  leaving  a 
tested  chip  with  an  overcoat  and  openings  to  the  bond 
pads.  The  contact  method  is  wire  bonds,  and  alignment  is 
performed  by  a  wire  bonder.  Thermal  management  is 
performed  by  the  package.  General  Electric  is  in  develop¬ 
ment  of  this  technology,  with  plans  to  use  it  for  an  upcom¬ 
ing  module  design.  Texas  Instruments  is  also  a  current 
licensee  of  the  HDI  technology. 

Technical  Description 

The  KGD  HDI  process  begins  with  the  die  placed 
nearly  edge  to  edge  on  either  a  flat  substrate  or  one  milled 
to  have  a  “well”  for  each  chip.  An  overcoat  polymer 
(proprietary  formulation)  is  spray  coated  onto  die  bare 
chips,  which  provides  protection  from  handling,  probing, 
or  processing  induced  damage  (the  coating  is  not  her¬ 
metic).  The  GE  HDI  laser  drilling  process  is  then  applied 
to  “drill”  via  holes  to  the  die  bond  pads  through  laser 
ablation  of  the  polyimide.  Metallization  is  applied  using  a 
sputtering  process,  and  then  patterned  using  standard  HDI 
photolithography  to  form  temporary  bondpads  on  the 
overcoat  polymer  which  are  connected  to  the  chip  bond 
pads.  The  substrate  is  sectioned  to  separate  the  die,  which 
are  placed  into  standard  chip  packages  (such  as  PGA  or 
LCQ  and  wire  bonded  into  place.  The  die  are  bumed-in 
and  tested  with  standard  fixtures  and  processing  equip¬ 
ment  Following  bum-in  and  test,  the  wire  bonds  are 
removed  from  die  temporary  bondpads.  The  die  are 
removed  from  the  packages  by  dissolving  the  die  attach 
material  in  a  solvent  soak.  The  temporary  bond  pads  are 
removed  with  an  etching  step.  The  bumed-in  and  tested 
die  are  then  ready  for  use  in  the  end  application. 


Readiness  Level 
Readiness  Category: 

The  GE  process  is  currendy  in  alpha  test  with  an 
outside  user  and  under  government  contract 

Equipment  Status: 

All  HDI  processing  equipment  is  in  place  at  the  GE 
corporate  research  and  development  center  in 
Schenectady,  New  York. 

Process  Status: 

All  HDI  processes  are  fully  developed,  although  GE 
continues  to  refine  this  technology. 

Capacity  issues: 

The  capacity  is  unknown  at  this  time. 

Qualification  issues: 

This  “temporary  interconnect”  approach,  along  with  a 
“bare  chip  probe  test”  approach,  is  being  demonstrated  on 
a  16  chip  module  with  three  complex  ASIC  chips  and  13 
SRAM  chips.  The  temporary  interconnect  test  approach 
was  used  with  the  ASIC  chips,  and  the  final  module 
fabrication  is  now  underway. 

Alignment  Method 

Alignment  of  the  braids  to  die  is  performed  by  a  wire 
bonder. 

Contact  Mechanism 

This  KGD  approach  uses  temporary,  removable  wire 
bonds  on  the  temporary,  deposited  bond  pads. 

Key  Features 

Portions  of  HDI  technology  are  used  to  produce 
KGD  through  the  use  of  temporary  wire  bond  pads. 


1  Bare  Chip  Test  Techniques  for  Multichip  Modules,  R-A.  Fillion,  R.J.  Wqjnarowslri,  W.  Daum.  1992  Proceedings  of  the  International 
Electronics  Packaging  Society,  pp.  554 


Germal  Electric 


Noncompliance  with  Technology  Assessment 
Guidelines: 

The  wire  bond  based  technology,  with  required 
rerouting  of  original  aluminum  bond  pads,  is  limited  to 
use  with  die  which  have  peripheral,  aluminum  bond  pads. 

•  Wire  bond  approach  means  that  die  with  area  array 
pads  cannot  be  bumed-in  or  tested. 

•  Process  not  designed  to  convert  from  array  to 
peripheral  bond  pads. 

•  Cannot  accomodate  incoming  Au  or  solder  bumped 
die;  postpassivation  processing,  integral  to  technol¬ 
ogy,  requires  aluminum  pads. 

The  dielectric  overcoat  was  judged  to  be  potentially 
incompatible  with  GaAs. 

Etching  away  of  temporary  bond  pad  was  judged  to 
potentially  result  in  a  degradation  in  the  quality  of  the 
final  bead  pad  surface.  Qualification  through  chemical 
and  physical  testing  of  the  surface  could  result  in  a 
reversal  of  this  judgement 

Wire  bonding  in  combination  with  pad  rerouting 
provides  an  uncontrolled  impedance  environment 

Optical  inspection  of  the  die  is  inhibited  by  the 
dielectric  coat 

The  GE  process  was  not  penalized  for  additional 
wafer  processing ,  since  rerouting  and  enlargement  of 
bond  pads  is  done  at  the  die  level  using  HDI  technology. 

GE  process  was  not  penalized  for  number  of  touch¬ 
downs,  since  enlarged  pads  will  accomodate  multiple 
bonds. 

Process  Flow 

1.0  Begin  with  bare,  singulated  die  in  wafer  tape  or  in 
waffle  packs. 

2.0  Pick  and  place  the  die  onto  flat  or  milled  substrate, 
using  polymer  die  attach. 

3.0  Apply  overcoat  polymer  layer  (spray  coat). 

4.0  Laser  drill  vias  to  the  die  bond  pads. 

5.0  Sputter  metallization  over  surface. 

6.0  Apply  photoresist 

7.0  Use  GE  laser  scan  patterning  system  to  align  and 
expose,  forming  temporary  bond  pads  over  the 
overcoat  polymer. 


8.0  Etch  away  unwanted  metallization. 

9.0  Resist  strip. 

10.0  Saw  the  substrate  to  separate  chips. 

1 1 .0  Pick  and  place  the  die  with  repattemed  temporary 
bond  pads  into  standard  packages  (such  as  PGA  or 
LCC). 

12.0  Wire  bond  to  the  temporary  bond  pads  on  the 
polymer  overcoat 

13.0  Bum-in  packaged  ICs. 

14.0  Test  packaged  ICs. 

15.0  Remove  wire  bonds  from  temporary  bond  pads 
with  bond  pull  equipment 

1 6.0  Dissolve  die  attach  polymer  in  solvent  soak, 
remove  from  package. 

17.0  Etch  off  metallization  over  polymer  on  chip. 

18.0  Place  tested  and  bumed-in  chip,  with  polymer 
overcoat  layer,  into  packaging  for  delivery. 

Advantages 

•  Uses  existing  wire  bond  assembly  equipment 

•  Removal  of  temporary  bond  pads  used  for  bum-in 
and  test  of  die,  elimates  concern  for  their  condition 
afterwards. 

•  Standard,  existing  package  may  be  used.  No  change 
in  bum-in  and  test  equipment  sockets,  or  parameters 
is  required. 

Disadvantages 

•  Cost  increases  with  pin  count  since  both  assembly 
and  disassembly  are  done  one  pin  at  a  time. 

•  Economic  reuse  of  package  is  limited. 

•  See  also  Noncompliance  with  Technology  Assess¬ 
ment  Guidelines 

Concerns 

•  Addition  and  removal  of  temporary  die  bond  pads 
may  adversely  affect  original  die  pads  to  which  final 
assembly  bonds  are  made. 

•  Removal  of  die  attach  material  may  not  be  easy  and/ 
or  may  affect  quality  and  ease  of  final  assembly. 

•  Addition  of  coating  provides  additional  environmen¬ 
tal  protection  for  die.  Since  coating  is  added  to 
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singulated  die,  wafer  fab  is  not  affected  However, 
handling  of  singulated  die  may  be  cumbersome  and 
potential  for  introducing  handling  damage  and 
defects  is  high.  In  addition,  laser  process  for  opening 
bond  pads  may  be  difficult  to  establish  and/or 
control. 


Supplier  Business  Information 
•  General  Electric 

Corporate  Research  and  Development  Center 
P.O.  Box  8 

Schenectady,  NY  12301 


Equipment  Required 

GE  considers  the  equipment  used  and  specifics  about 
the  HDI  process  to  be  proprietary;  the  KGD  assurance 
equipment  used  after  wafer  processing  consists  of  a  wire 
bonder,  bond  pull  equipment,  a  solvent  bath,  and  etch 
equipment 

Cost 


•  Primary  Business:  Electrical  equipment 

•  Total  Employees: 

•  1992  Sales: 


Contacts: 

Ray  Fillion 

PHONE:  (518)  387-6199 
FAX:  (518)  387-5442 


Cost  Factor 

Comment 

Cost 

Wafer  Processing 

Reroute  required 

$$$ 

Materials  Cost/Use 

Low  number  of  uses 

$$$ 

Assembly, 

Disassembly 

Assembly  increases  with  I/O 
count;  disassembly  time  high 

$$$ 

MCC  Cost  Judgement 

Comments 

Texas  Instruments  has  been  granted  a  license  to  use 
the  GE  HDI  technology,  and  GE  is  willing  to  license  this 
technology  to  other  vendors  for  use  in  providing  KGD. 
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Supplier:  GENERAL  ELECTRIC 

j  Method:  HDI 

i 

TAG  Requirements 

I  Specification 

Meets  TAG?  Weight 

Score 

Device  Type  Rules 


BiPolar 

Accept 

Y  2 

2 

CMOS 

Accept  I 

Y  !  3 

3 

BICMOS 

Accept 

Y  2 

2 

Si  On  Insulator 

|  Accept 

Y  1 

___  1 

Digital 


Mixed 


Memories 


MPUs 


DSPs 


Gate  Arrays 


ASICs 


Peripheral  bond  pads 


Array  pads 


Bumped  die 


Device  T 


Wafer/Die  Size  Rules 


Size 


I  Accept 


Accept 


I  Accept 


Accept 


I  Accept 


Accept 


i  Accept 


Accept 


S  Accept 


1  Accept 


Accept 


!  Accept 


{Accept 


Rules  Subtotal 

1 

0 

28 

2.5K-500K  mi  12 


max.  aspect  ratio 

3  to  1 

min.  size  tolerance 

±0.5  mils  or  larger 

die  thickness 

10-30  mils 

min.  thickness  tolerance 

±1.0  mils 

1 

Wafer/Die  Size  Rules  Subtotal 


Interconnect  Rules 


Planarity:  Pad  to  pad  height  variation 


1C  Pad  planarity 


Metallurgy  accepted 


Metallurgy  Changes  required 


Interconnect  Rules  Subtotal 


Device  Design  Rules 


Change  or  impact  required _ 


m  variation 


NO  planarity  degradation  ot  die 


Al,  Au,  Solder 


NO  change  in  quality/reliabili 


NO  chan 


Water  Fabrication  Rules 

Change  or  Impact  Required 

NO  change 

NO  new  equipment  req'd 


I  NO  probe  contact 


per  Mil  spec  2010.6 


Water/  Die  Probe  Rules 


Does  NOT  Prohibit  Use  of  wafer  probe  1  Wafer  probing  OK 


New  capital  equipment  required  by  fab 


Probe  contact  to  passivation 


Acceptable  probe  pad  dama 


Wafer/Die  Probe  Rules  Subtotal 


Wafer  Mount  and  Saw  Rules 


Impact  on  current  practices _ [  NO  change  to  practices 


Accuracy  required  for  edge  placement  of  d|  Does  NOT  require  +/-  0.5 1 


Wafer  Mount  &  Saw  Rules  Subtotal 


Test  &  Bum  In  -  General  Rules 


BIST  Capable  YES 


Basic  function  test  YES 


simulation/connection  YES 
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YES 


YES 


YES 


TAG  Requirements  Specification 


tibie  w/  bandwidth 


Backside  electrical  connection  i  YES 


Pin  1 1dentifier  provided 


Contact  passivaion  wells  up  to  1 .5  pm  YES 


Contact  passivaion  wells  up  to  8.0  pm 


Test  &  Bum  In  -  General  Rules  Subtotal 


Low  I/O  Test  Rules 


Carrier  Operation  Temperature  1 0-1 25°C 


Contact  Resistance _ jg  0.5  O 

Min.  Clock  Freq _ 100  MHz 

Pad  contact  (Peripheral,  array,  both)  Both 


I  Pad  metallization  accepted(Al,Au,Soider)  |  ALL 


Method:  I HDI 


Meets  TAG?,  Weight 


Score 


Min,  pitch _ 

Min,  pad  dimension _ 

Char.  Impedance _ 

Bandwidth _ 

Power  handling  capacity 

Min,  number  ol  touchdowns  /  die _ 

_ Low  I/O  Test  Rules  Subtotal 

High  I/O  Test  Rules _ 

Carrier  Operation  Temperature _ 

Contact  Resistance _ 

Min.  Clock  Freq _ 

Pad  contact  (Peripheral,  array,  both) 


Pad  metallization  accepted(AI,Au,Solder)  ALL 


1 200pm 


!  100  pm 


500  ±10% 


1500  MHz 


3W/cm2 


2 


Min,  pitch _ 

Min,  pad  dimension 
Char.  Impedance 
Bandwidth 


Min,  number  of  touchdowns  /  die _ 

_ High  I/O  Test  Rules  Subtotal] 

Bum  In  Rules _ 

Die  Temperature  max _ 

Ambient  temperature  max _ 

Contact  Resistance _ 

Min.  Clock  Freq. _ 

Pad  contact  (Peripheral,  array,  both) 

Pad  metallization  accepted(AI,Au, Solder)  ]ALL 


Min,  pad  dimension _ 

Power  handling  capacity _ 

Min,  number  of  touchdowns  /  die _ 

_ Bum  In  Rules  Subtotal 

Pack  &  Ship  Rules _ 

per  JEDEC  KGD  specification  |YES 


Inspection 

I 

Allow  optical  inspection  of  device 

YES 

N 
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IBM 

Reduced  Radius  Removal  (R3) 


General  Information 

With  over  one  million  die  delivered,  the  IBM  R3 
system  is  the  most  manure  KGD  technology 
availaWe(Figure  12).  IBM  will  perform  this  service 
under  contract  at  the  Burlington,  VT  facility,  or  the 
technology  may  be  licensed  from  IBM  for  use  by  other 
vendors.  In  the  Reduced  Radius  Removal  (R3)  system, 
C4  flip-chip  ready  die  are  solder-bonded  to  reusable 
temporary  carriers  for  test  and  burn-in,  and  then  removed 
from  the  carriers  with  a  shearing  process.  The  solder 
bumps  are  reflowed  to  provide  C4  bumped,  fully  tested 
chips.  The  contact  mechanism  is  a  solder  braid,  and 
alignment  is  provided  by  an  automated  system  (either 
mechanical  or  vision)  in  combination  with  the  self¬ 
alignment  characteristics  of  solder.  Thermal  management 
is  performed  through  heat  dissipating  through  the  braids 
to  the  carrier  for  most  applications,  and  an  optional  heat 
spreader  may  be  placed  on  tire  back  side  of  the  die  for 
high  power  chips.  This  technology  is  in  production. 

Technical  Description 


In  April  1990,  IBM  qualified  their  Reduced  Radius 
Removal  (R3)  system  for  providing  Known  Good  Die  to 


both  internal  and  external  customers.  This  has  since 
become  a  well  established,  mature  process  fra  providing 
known  good  die,  although  it  is  strictly  fra  the  Controlled 
Collapse  Chip  Connect  (C4)  flip-chip  die  attach  process. 
To  date,  over  1 ,000,000  R3  KGD  have  been  shipped  to 
customers.  IBM  has  developed  a  set  of  ceramic  carriers 
with  a  variety  of  footprints  to  accommodate  die  from  6 
mm  x  6  mm  to  18  mm  x  18  mm,  with  up  to  2700  total  C4 
bumps.  These  carriers  are  compatible  with  existing  test 
and  bum-in  equipment 

The  R3  process  requires  that  the  incoming  die  have 
C4  solder  bumps.  The  ceramic  PGA  carriers  are  patterned 
with  an  array  of  solder  pads  which  have  a  reduced  radius 
relative  to  the  C4  bumps  on  the  die.  Initial  alignment  is 
done  through  an  automated  process,  either  mechanically 
or  with  a  vision  system.  The  solder  provides  characteristic 
self-alignment  and  a  temporary  attach.  Final  attachment  is 
made  using  standard  reflow  and  deflux  processes.  Lastly, 
a  temporary  metal  cap  is  placed  over  die  die  to  create  a 
“packaged”  IC  with  a  PGA  pinout  configuration.  After 
bum-in  and  test,  the  die  is  removed  from  the  carriers 
using  a  shearing  process.  The  reduced  radius  of  die  carrier 
pads  makes  this  the  weakest  mechanical  point  of  die  bond 
and  the  shearing  action  breaks  the  solder  cleanly  at  the 
connection  point  between  die  and  carrier  bumps.  After 
disassembly  the  die  are  reflowed  to  reform  the  solder 
bumps.  The  bumed-in  and  tested  C4  die  is  ready  fra  final 
assembly  and  the  carrier  is  ready  for  reuse. 

Although  carriers  are  reusable,  the  number  of  uses  is 
limited  and  is  presumably  less  than  the  potential  number 
of  uses  for  most  temporary  contact  KGD  technologies. 
Another  limitation  to  this  technology  is  the  number  of  C4 
bumps  which  can  be  sheared  using  the  current  disassem¬ 
bly  technique.  However,  this  number  is  quite  large  (2700) 
and  would  be  unlikely  to  affect  most  die.  In  addition, 

IBM  is  investigating  alternate  shearing  strategies  to 
accommodate  a  larger  number  of  I/O. 

Readiness  Level 
Readiness  Category: 

This  technology  is  currently  in  productioa 
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Equipment  status:  bumping  process  requires  aluminum  pads  as  initial 


All  necessary  equipment  is  in  place  and  operating  at 
IBM,  Burlington. 

Process  status: 

V  The  process  is  completely  developed  for  all  IC  types. 

Capacity  issues: 

IBM  is  the  only  volume  KGD  supplier  currently 
■*  available.  IBM  is  currently  seeking  to  “grow”  this  service 
as  a  profit  center,  and  has  made  the  necessary  investments 
to  provide  volume  production. 

Most  IC  fabrication  facilities  are  not  equipped  to 
provide  solder  bump  processing  on  their  products.  IBM  is 
equipped  and  accustomed  to  performing  this  task.  This 
implies  that  the  die  be  provided  in  wafer  format  Contact 
IBM  for  details. 

Quafification  Issues: 

IBM  has  completed  extensive  in-house  qualification  of 
the  R3  process  at  die,  module  and  system  levels.  One 
million  die  have  been  shipped  since  1990.  Qualification 
has  been  completed  on  die  with  up  to  2700  total  C4  bumps. 

Alignment  Method 

The  C4  bonding  process  is  self-aligning  after  a  rough 
mechanical  placement 

Contact  Mechanism 

Contact  to  die  is  made  by  reflow  of  C4  bumps  to 
solder  ball  braids  (m  the  carrier. 

Key  Features 

R3  is  a  proven  and  qualified  process  for  C4  flip  chip 
KGD. 

Noncompuance  with  Technology  Assessment 
^  Guidelines 

The  C4  based  technology  is  limited  to  use  with  die 
which  have  solder  bumped  bond  pads. 

*  •  R3  process  not  defined  for  use  with  AlorAu  pads. 

•  Additional  wafer  processing  required  (solder-bump¬ 
ing)- 

•  Cannot  accommodate  incoming  Au  bumped  die:  R3 
process  not  defined  for  use  with  Au  bumps;  C4- 


surface. 

•  C4  process  requires  a  minimum  of  100  C4  bumps 
per  die;  therefore,  smallest  die  size  is  approximately 
100  mils  on  a  side;  TAG  calls  for  ability  to  accom¬ 
modate  50  mil  die. 

IBM  R3  process  was  not  penalized  for  pad  damage  or 
number  of  touchdowns,  since  contact  is  solder-to-solder 
and  both  die  and  carrier  bumps  can  be  restored  by  reflow. 

Process  Flow  Description 

1.0  Begin  with  singulated,  C4  bumped  die. 

2.0  Inspect 

3.0  Attach  die  to  earner  by  applying  flux,  aligning  and 
placing  die. 

4.0  Reflow  and  deflux  assembly. 

S.O  Clamp  protective  lid  over  assembly. 

6.0  Bum-in. 

7.0  Test 

8.0  Unclamp  and  remove  lid. 

9.0  Remove  die  from  carrier  by  shear. 

10.0  Return  carriers  to  inventory  for  reuse. 

11.0  Reflow  C4  bumps  on  die. 

12.0  Inspect 

13.0  Load  die  into  packaging  for  delivery  to  customer. 
Advantages 

•  Uses  existing  C4  assembly  equipment 

•  Reflow  of  C4  die  after  burn-in  and  test  ensures 
bumps  are  in  good  condition  for  final  assembly. 

•  Mature  technology,  currently  in  use  with  over  one 
million  parts  delivered. 

•  Bum-in  and  test  parameters  (speed,  power  dissipa¬ 
tion,  etc.)  are  the  same  as  fra  a  die  in  a  single  chip 
package. 

•  Easily  accommodates  high  I/O  (>200)  die,  for 
relatively  low  additional  cost 

•  Thermal  management  provided  by  bump  contacts. 
Use  of  backside  thermal  grease  for  additional 
control  is  not  a  concern  in  final  assembly  assuming  a 
flip  chip  application. 
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Disadvantages 

•  Number  of  uses  per  carrier  is  low. 

•  See  also  Noncompliance  with  Technology  Assess¬ 
ment  Guidelines 

Concerns 

•  Selection  of  this  technology  means  that  wafers  must 
be  solder  bumped,  which  limits  final  assembly 
options.  Defects  also  may  be  introduced.  If  preferred 
final  assembly  requires  solder  bumps  (e.g.,  C4)  then 
cost  of  wafer  bumping  is  value  added. 


Cost  Factor 

Comment 

Cost 

Wafer  Processing 

Solder  bumps 

$$ 

Materials  Cost/Use 

Relatively  low  #  of  uses 

$$ 

Assembly, 

Disassembly 

Cycle  times  moderately  higt 

$$ 

MCC  Cost  Judgement 

Comments 


This  is  the  only  mature,  volume  oriented  KGD 
process  available  now.  IBM  is  best  positioned  to  service 
the  C4  KGD  market 


Equipment  Required 


Item 

Cost 

Throughput 

Pick  and  place  system 

$150- 

$300K 

6-10  die/min 

C4  solder  reflow  system 

S100K 

30-80  die/min 

Flux  removal  system 

S150K 

10-30  die/min 

Capping  System 

$10K 

30-50  die/min 

Cap  removal 

$20K 

6-10  die/min 

Mechanical  shear 
removal  system 

$150K 

6-10  die/min 

Equipment  Description  for  Automated  Process 

The  pick  and  place  system  would  require  a  robot  with 
four  degrees  of  freedom  that  is  either  fully  automatic 
(pattern  recognition),  or  semiautomatic  (manual  fiducial 
entry).  The  system  uses  either  mechanical  or  a  vision 
system  for  use  in  registering  the  die  to  tire  carrier  within 
the  needed  tolerance.  Vertical  force  sensing  and  control 
for  die  handling  would  be  required.  The  C4  solder  reflow 
and  deflux  stations  would  require  a  multiple  stage  belt 
oven  that  is  computer  controlled.  The  capping  system 
would  install  the  carrier  lid  prior  to  bum-in  and  functional 
test  The  cap  removal  system  would  remove  the  carrier  lid 
after  bum-in  and  functional  test  operations.  The  mechani¬ 
cal  shear  removal  system  removes  the  die  from  the 
carrier.  The  removal  system  must  be  able  to  secure  the  die 
after  removal  to  prevent  the  die  from  being  damaged. 

Cost 

Detailed  cost  information  was  presented  by  IBM  at 
the  MCC  KGD  Technology  Supplier  Forum  on  13  May 
1993. 


Supplier  Business  Information 

•  International  Business  Machines  Corporation 
Old  Orchard  Road 

Armonk,  NY.  10504 
(914)765-1900 

•  Primary  Business:  Electronics,  Computers 

•  Total  Employees:  300,000 

•  1992  Sales:  $64.6B 

Contacts 

Technical  questions:  Gary  Hill 
Dept  N39,  Bldg.  962-2 
1000  River  Road 
Essex  Junction,  VT  05452-4299 
PHONE:  (802)769-3449 
FAX:  (802)769-1249 

Licensing:  Mike  Krueger 
Dept  N80,  Bldg.  962-1 
IBM  Corporation 
1000  River  Road 
Essex  Junction,  VT  05452-4299 
PHONE:  (802)769-3356 

OEM  Services:  Don  Swietek 
Dept  585,  Zip  92E  1580 
IBM  Corporation 
Route  52 

Hopewell  Junction,  NY  12533 
PHONE:  (914)  892-5583 
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Supplier: 

IBM 

Method:! 

R*3 

TAG  Requirements 

Specification 

Meets  TAG? 

Weight 

Score 


Rules 


BiPolar 


CMOS 


BICMOS 


Si  On  Insulator 


GaAs 


Accept 


Accept 


I  Accept 


{Accept 


{Accept 


{Accept 


Accept 


Accept 


I  Accept 


ASICs 


Peripheral  bond  pads 


Array  pads 


Bumped  die 


Device  T 


Water/Die  Size  Rules 


Size 


max. 


min.  size  tolerance 


die  thickness 


min.  thickness  tolerance 


Wafer/Die  Size  Rules  Subtotal 


Interconnect  Rules 


1C  Pad  planarity  _ 


Metallurgy  accepted 


Metallurgy  Changes  required 


Interconnect  Rules  Subtotal 


Device  Design  Rules 


orim 


Wafer  Fabrication  Rules 


Wafer  /  Die  Probe  Rules 


Does  NOT  Prohibit  Use  of  wafer  probe 

Wafer  probing  OK 

New  capital  equipment  required  by  fab 

NO  new  equipment  req'd 

Probe  contact  to  passivation 

NO  probe  contact 

Acceptable  probe  pad  damage 

Wafer/Die  Probe  Rules  Subtotal 

Wafer  Mount  and  Saw  Rules 


on  current  practices 


1  required  for  edge  placement  of  dj  Does  NOT  require  +/-  0.5  mils 


Wafer  Mount  &  Saw  Rules  Subtotal 


Test  ft  Bum  In  -  General  Rules 


BIST  Capable  YES 


Basic  function  test  YES 


simulation/connection  I  YES 


2 

2 

1 

1 

1 

1 

_ ? _ 

_ 2 

or  Impact  Required 

NO  chan 

96 

N  j 

39 


CMl  C\»|  Ol  «|  N| Irtl  ro[  I  to  I  CM  I  CO  I  CO  I  T—  I  I  CM  I  CM 


Supplier: 


TAG  Reauirements 


Me  w/  bandwidth 


IBM 


Specification 


YES 


Method:  RA3 


Meets  TAG- 


Backside  electrical  connection 

YES 

1 

Pin  1 1dentifier  provided 

YES 

1 

Contact  passivaion  weds  up  to  1 .5  pm 

YES 

Contact  passivaion  wells  up  to  8.0  pm 


Test  &  Bum  In  -  General  Rules  Subtotal; 


Low  I/O  Test  Rules 


Carrier  Operation  Temperature 


Contact  Resistance 


Min.  Clock  Freq 


Pad  contact  (Peripheral,  array,  both) 


Pad  metallization  accepted(AI,Au, Solder) 


Min.  pitch 


Min.  pad  dimension 


Char.  Impedance 


Bandwidth 


liPiIviTiT-Tr^T 


Min.  number  of  touchdowns  /  die 


Low  I/O  Test  Rules  Subtotal 


I/O  Test  Rules 


Carrier  Operation  Temperature 


Contact  Resistance 


Min.  Clock  Freq 


Pad  contact  (Peripheral,  array,  both) 


Pad  metallization  accept ed(Al,Au, Solder 


Min.  pitch 


Min.  pad  dimension 


Char.  Impedance 


Bandwidth 


Power  handling  capacity 


Min.  number  of  touchdowns  /  die 


High  I/O  Test  Rules  Subtotal 


Bum  In  Rules 


Die  Temperature  max 


Ambient  temperature  max 


Contact  Resistance 


Min.  Clock  Freq. _ _ 


Pad  contact  (Peripheral,  array,  both) 


Pad  metalBzation  accepted(AI,Au, Solder) 


Min.  pad  dimension 


Power  handlin 


Min.  number  of  touchdowns  /  die 


Bum  In  Rules  Subtotal 


Pack  &  Ship  Rules  


tion 


£0.5  0 


100  MHz 


Both 


ALL 


200pm 


100  pm 


500  ±10% 


500  MHz 


2 


lEBialaaaaESS 


Inspection 


Allow  optical  inspection  of  device 


TOTAL  SCORE 


0-125°C 


£0.5  0 


100  MHz 


Both 


ALL 


150pm 


75  pm 


500  ±10% 


500  MHz 


10W/cm2 


2 
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Softool 


Micron  Semiconductor,  Inc. 


General  Information 

The  Micron  Softool  process  has  been  used  for  initial 
production  of  low  pin  count  KGD  by  Micron,  and  this 
technology  has  been  licensed  to  Chip  Supply,  Inc.  for  use 
in  providing  KGD  to  the  general  market  Die  are  placed 
into  packages  with  a  temporary  die  attach,  and  “soft”  wire 
bonds  are  made  to  the  die  bond  pads  for  test  and  bum-in. 
The  wire  braids  are  then  pulled  off  the  die  bond  pads,  and 
the  die  are  removed  from  the  packages  and  are  ready  to 
use  as  KGD.  The  contact  mechanism  is  a  “soft”  wire 
bond,  and  alignment  is  performed  by  the  wire  bonder. 
Thermal  management  is  performed  by  the  package.  This 
technology  is  currently  in  production. 

Technical  Description 

A  “soft”  wire  bond  is  used  at  the  die  braid  pad. 
Control  of  die  amount  of  force  is  critical.  After  bum-in 
and  test,  each  wire  is  pulled  individually.  Time  and  care  is 
required  in  order  to  prevent  critical  die  pad  damage. 

Readiness  Level 
Readiness  Category : 

This  technology  is  currently  in  production. 
Equipment  status 

The  Softool  process  uses  existing  standard  wire  bond 
and  modified  pull  test  equipment 

Process  status 

The  process  has  been  optimized  for  single  sourced 
aluminum. 

Capacity  issues 

Micron  will  supply  their  own  chips  as  KGD  using  the 
Softool  process,  but  is  not  prepared  to  accept  die  from 
other  manufacturers;  for  this,  contact  Chip  Supply. 
Softool  is  limited  in  braid  pad  pitch,  total  I/O  count,  and 
in  throughput,  especially  as  I/O  counts  increase. 

Qualification  issues 

The  Softool  process  is  currently  in  use  at  Micron  to 
supply  SRAM  and  DRAM  ICs  to  customers.  Micron  has 
licensed  this  process  to  Chip  Supply  to  allow  than  to 
supply  die  to  the  commercial  market 


Alignment  Method 

Alignment  is  performed  by  a  wire  bonder. 

Contact  Mechanism 

Contact  is  made  with  temporary  wire  braids. 

Key  Features 

Technology  uses  standard  packages  with  removable 
wire  bonds. 

Noncompliance  wtth  Technology  Assessment 
Guidelines 

The  wire  braid  based  technology  is  limited  to  use 
with  die  which  have  peripheral,  aluminum  bond  pads. 

•  Wire  bond  approach  means  that  die  with  area  array 
pads  cannot  be  bumed-in  or  tested. 

•  Process  not  designed  to  convert  from  array  to 
peripheral  bond  pads. 

•  Softool  process  not  defined  fra  use  with  Au  or 
solder  bumps. 

The  Softool  process  is  limited  to  a  single  touchdown. 

Removal  of  temporary  bond  was  judged  to  likely 
result  in  a  degradation  in  the  quality  of  the  final  braid  pad 
surface  through  physical  damage. 

Wire  bonding  is  an  uncontrolled  impedance  environ¬ 
ment 

Process  Flow 

1.0  Begin  with  bare  finished  die  on  wafer  tape  or  in 
waffle  packs 

2.0  Pick  and  place  in  standard  package,  using  a 
temporary  die  attach. 

3.0  Wire  bond,  using  a  soft  adhesion  wire  braid. 

4.0  Bum-in. 

5.0  Test 

6.0  Remove  wire  braids  using  modified  braid  pull 
equipment 
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7.0  Remove  die  from  package.  Dissolve  thermoplastic 
die  attach  with  solvent  bath,  or  by  heating  package 
to  reflow. 

8.0  Transfer  die  to  delivery  packaging. 

Advantages 

•  Uses  existing  wire  bond  assembly  equipment 

•  Standard  existing  package  may  be  used.  No  change 
in  bum-in  and  test  equipment  sockets  or  parameters 
is  required. 

•  Demonstrated  technology,  currently  in  use. 

•  Low  cost  entry,  suitable  for  prototyping  and  low 
volumes. 

Disadvantages 

•  Cost  increases  with  pin  count  since  both  assembly 
and  disassembly  are  done  one  pin  at  a  time. 

•  Economic  reuse  of  package  is  limited 

•  Removal  of  temporary  wire  bonds  done  one  at  a 
time  is  time  consuming  and  potentially  damaging  to 
die  bond  pad. 

•  See  also  Noncompuance  with  Technology  Assess- 
mentGuidelines 

Concerns 

•  Soft  bond  assembly  process  may  be  difficult  to 
optimize  and  control  Variations  in  A1  from  different 
die  manufacturing  make  setting  bond  parameters 
difficult  Bond  must  be  strong  enough  to  survive 
handling,  bum-in  and  test,  yet  weak  enough  to  be 
cleanly  and  easily  removed  afterwards. 

•  Removal  of  die  attach  material  may  not  be  easy  and/ 
or  may  affect  quality  and  ease  of  final  assembly. 


Equipment  Required 


Item 

Cost 

Throughput 

Pick  &  place  system 
$300K 

$150- 

2K-7.2K 

Wire  bonder 

$120K 

5  wires/sec 

Wire  pull  system 

$100K 

5-10  wires/min 

Die  removal  system 

S100K 

20  die/hr 

Equipment  Description  for  Automated  Process 

The  pick  and  place  system  would  require  a  robot  with 
four  degrees  of  freedom  that  is  either  fully  automatic 
(pattern  recognition),  or  semiautomatic  (manual  fiducial 
entry).  The  system  would  require  a  vision  system  for  use 
in  registering  the  die  and  the  thermoplastic  preform  to  the 
carrier  within  the  needed  tolerance.  Vertical  force  sensing 
and  control  for  die  handling  would  be  required.  In  order 
to  attach  the  die  to  the  temporary  package,  a  heated  platen  , 
or  end  effector  would  be  required  to  reflow  the  thermo¬ 
plastic  material.  The  wire  bonder  required  would  be  a 
gold  or  aluminum  ball  bonder  that  is  either  fully  auto¬ 
matic  (pattern  recognition)  or  semiautomatic  (manual 
fiducial  entry).  To  remove  die  die  from  the  temporary 
package,  a  heated  platen  or  end  effector  would  be  re¬ 
quired  to  reflow  the  thermoplastic  material.  Depending  on 
the  residual  strength  on  the  attach  material  after  reflow, 
the  end  effector  would  use  either  vacuum  or  another 
adhesive  material  to  remove  the  die  from  the  temporary 
package.  The  wire  pull  Systran  would  consist  of  a  stan¬ 
dard  manual  wire  pull  tester. 


Cost 


Cost  Factor 

Comment 

Cost 

Wafer  Processing 

$ 

Materials  Cost/Use 

Low  number  of  uses 

$$$ 

Assembly, 

Disassembly 

Assembly  increases  w/I/O 
count;  disassembly  time  higl 

$$$ 

MCC  Cost  Judgement 

Comments 

This  technology  for  KGD  is  currently  available.  This 
approach  does  not  require  the  wafer  processing  and  bond 
pad  reforming  that  die  Elmo  approach  requires,  and  does 
not  leave  a  clipped  ball  bond  at  the  pad  site  when  the 
process  is  complete.  It  does  still  impose  a  number  of 
significant  restrictions,  a  relatively  low  throughput,  and 
relatively  high  cost 
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Suituer  Business  Information 

•  Micron  Semiconductor,  Inc. 

2805  E.  Columbia  R& 

Boise,  ID  83706 
(208)368-4000 

•  Primary  Business:  Semiconductors 

•  Total  Employees:  4,200 

•  1992  Sales:  S323.5M 


Contacts 

Gene  Cloud,  Micron 
PHONE:  (208)368-3951 
FAX:  (208)  368-4617 

Jim  Rates,  Chip  Supply 
PHONE:  (407)296-5604 
FAX:  (407)  290-0164 
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Gate  Arrays 


ASICs 


ral  bond  pads 


Anay  pads 


Bumped  tie 


Device  T 


Wafer/Die  Size  Rules 


Size 


max.  aspect  ratio 


min.  size  tolerance 


diethickness 


min.  thickness  tolerance 


Wafer/Die  Size  Rules  Subtotal 


Interconnect  Rules 


Planarity:  Pad  to  pad  height  variation 


1C  Pad  planarity 


Metallurgy  accepted 


Metallurgy  Changes  required _ 


Interconnect  Rules  Subtotal 


Device  Design  Rules  _ 


required 


Accept 


Accept 
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Accept 
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{Wafer  probing  OK 


|  NO  new  equipment  req'd 


[NO  probe  contact _ 


r  Mil  spec  2010.6 


Wafer  Fabrication  Rules 


or  Impact  Required 


Wafer /Die  Probe  Rules 


Does  NOT  Prohibit  Use  of  wafer  probe 


New  capital  equipment  required  by  fab 


Probe  contact  to  passivation 


e 


Wafer/Die  Probe  Rules  Subtotal 


Wafer  Mount  and  Saw  Rules 


on  current  practices  _ 1  NO  change  to  practices _ 


Accuracy  required  for  edge  placement  of  dl  Does  NOT  require  +/-  0.5  mils 


Wafer  Mount  &  Saw  Rules  Subtotal 


Test  &  Bum  In  -  General  Rules 
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Basic  function  test  YES 


simulation/connection  YES 
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Supplier 


TAG  Requirements 


Rc  compatible  w/  bandwidth 


Backside  electrical  connection 


Pin  1  Identifier  provided 


Contact 


Contact  pasavaion  weHs  up  to  8.0  pm 


IMicron 


Specification 


YES 
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Low  I/O  Tee!  Rules 


Min.  Clock  F 


Pad  contact  (Peripheral,  array,  both) 


Pad  metallization  accepted(AI,Au, Solder) 
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Min.  pad  dimension 
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Bandwidth 


Power  handling  capa 


Min.  number  of  touchdowns  /  die 
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High  I/O  Test  Rules 


Carrier  Operation  Temperature 


Contact  Resistance 
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Power  handling  capa 
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Method:  Softool 
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3 
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Y 
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Y 
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MCNC 

Reusable  Burn-In  and  Test  Substrate  (BATS) 

General  Description  Technical  Description 

A  KGD  technology  for  soldo*  bumped  chips  has  been  The  MCNC  KGD  method  uses  a  temporary  metallur- 

developed  by  the  Microelectronics  Center  of  North  gical  connection  between  IC  solder  bumps  and  a  reusable 

Carolina  (MCNC).  This  is  a  carrier-based  approach  multilayer  ceramic  carrier.  The  temporary  metallurgical 

utilizing  a  proprietary  metallurgy  and  dejoin  process  connection  is  a  solder-wetted  sacrificial  thin-film  metalli- 
(Figure  13).  Die  are  attached  to  a  carrier  for  test  and  bum-  zation  over  a  nonwettable  thick-film  metallization  pattern, 

in,  after  which  the  dejoin  process  weakens  the  metallurgy  The  die  is  attached  to  the  carrier  using  a  standard  flux  and 

cal  connection  between  die  and  carrier,  allowing  for  easy  reflow  operation.  After  bum-in  and  test,  the  IC  is  re¬ 
removal  of  the  die.  The  contact  is  a  sacrificial  metal,  and  moved  from  the  carrier  with  a  special  dejoin  process 

rough  alignment  is  performed  by  a  C4  flip  chip  bonder.  which  causes  the  sacrificial  metal  to  dramatically  reduce 
The  wettable  sacrificial  metal  provides  a  final  self-  its  connective  strength.  The  IC  then  can  be  removed  with 

alignment.  Thermal  management  is  provided  by  the  heat  very  little  force.  After  processing,  the  substrates  are 
dissipating  through  the  bond  pads  for  normal  applications,  recycled  by  cleaning  and  redepositing  the  sacrificial  thin- 
and  an  optional  heat  spreader  may  be  placed  on  the  film  metallization. 

backside  of  the  die  for  high  power  applications.  MCNC  is  An  adaptation  of  this  method  also  allows  for  transfer 

currently  developing  this  technology,  and  plans  to  make  it  0f  solder  bumps  from  the  carrier  to  the  device.  This 
available  for  licensing  when  development  is  complete.  permits  use  of  die  with  aluminum  bond  pads.  In  this 


variation,  a  sacrificial  thin  film  metal  is  deposited  on  the 
carrier  over  nonwettable  metallization.  Solder  bumps  are 
then  deposited  over  the  sacrificial  metal.  The  die  is 


MCNC 


prepared  by  depositing  a  thin  film  barrier  metal  and  a 
w  enable  nonsacrifidal  metal  over  the  bond  pads  in  wafer 
form.  The  die  is  bonded  to  the  carrier  in  the  normal 
fashion  and  processed  through  bum-in  and  final  test 
During  the  dejoin  process,  the  solder  bump  de-wets  from 
the  carrier  and  stays  with  the  die.  The  carrier  can  then  be 
reused  by  replacing  the  sacrificial  metal  and  the  solder 
bumps. 

Another  adaptation  currently  beginning  development 
allows  for  bum-in  and  test  of  wire  bond  and  TAB  ICs  by 
relocating  the  solder  bumps  over  the  passivation  using  an 
aluminum  redistribution  metallization  layer. 

Readiness  Level 
Readiness  Category: 

This  technology  is  currently  in  development. 

Equipment  Status: 

All  necessary  equipment  is  in  place  at  MCNC. 
Process  Status: 

Working  processes  for  depositing  sacrificial  metal  on 
carriers  and  solder  bump  transfer  have  been  developed, 
and  are  currently  being  refined  for  production  use. 

Capacity  Issues: 

MCNC  is  research  and  development  facility  with 
prototype  capability  only. 

Qualification  Issues: 

In-house  testing  has  been  performed  on  between  300 
to  400  devices. 

Alignment  Method 

Self-alignment  of  the  solder  joints  follows  a  rough 
automated  vision-based  alignment 

Contact  Mechanism 

The  contact  between  die  and  carrier  is  made  with  a 
sacrificial  metal  that  provides  a  metallurgical  bond  during 
test  and  bum-in. 

Key  Features 

The  BATS  technology  is  characterized  by  a  tempo¬ 
rary  metallurgical  bond  requiring  low  removal  force. 
High  I/O  counts  are  possible.  1679  I/O  has  been  demon¬ 
strated. 


Noncompliance  with  Technology  Assessment 
Guidelines 

The  BATS  technology  is  limited  to  use  with  die 
which  have  solder  bumped  bond  pads. 

•  BATS  process  not  currently  defined  for  use  with  A1 
or  Au  pads,  although  development  efforts  are 
underway. 

•  Additional  wafer  processing  (solder-bumping) 
required  (MCNC  can  bump  wafers). 

•  Cannot  accommodate  incoming  Au  bumped  die: 
BATS  process  not  defined  for  use  with  Au  bumps. 

Use  of  sacrificial  metal  was  judged  to  potentially 
result  in  a  degradation  in  the  quality  of  the  final  bond 
surface.  Qualification  through  chemical  and  physical 
testing  of  the  surface  could  result  in  a  reversal  of  this 
judgement 

The  BATS  process  was  not  penalized  for  number  of 
touchdowns,  since  sacrificial  metal  does  not  affect  ability 
to  repeat  the  process. 

Process  Flow  Description 

1.0  Begin  with  bumped  die  on  wafer  tape  (sawn)  or  in 
waffle  pack  type  packaging. 

2.0  Assembly 

2.1  Pick,  align,  and  place  inverted  die  on  ceramic 
substrate  with  flux. 

2.2  Reflow  the  solder  in  a  multizone  belt  furnace. 

2.3  Remove  flux  residues  in  semiaqueous  cleaner. 
3.0  Test 

4.0  Bum-in. 

5.0  Disassembly 

5. 1  Reflow  the  solder  in  a  multizone  belt  furnace 
with  flux. 

5.2  Remove  flux  residues  in  a  semiaqueous  cleaner. 

5.3  Pick  the  die  off  the  carrier  and  place  in  package 
for  delivery. 

5.4  Recondition  the  substrate  by  redepositing  the 
sacrificial  metal. 


47 


MCNC 


Advantages 

•  Uses  existing  solder  bump  (flip  chip)  assembly 
equipment. 

•  Bum-in  and  test  parameters  (speed,  power  dissipa¬ 
tion,  etc.)  are  the  same  as  fra-  a  die  in  a  single  chip 
package 

•  Easily  accommodates  high  I/O  (>200)  die  for 
relatively  low  additional  cost. 

•  Thermal  management  provided  by  bump  contacts. 
Use  of  thermal  grease  for  additional  control  not  a 
concern  in  final  assembly  assuming  a  flip  chip 
application. 

Disadvantages 

•  Solder  bumping  of  die  by  transfer  from  carrier 
requires  remetallization  of  carrier  after  each  use. 

•  See  also  Noncompuance  with  Technology  Assess¬ 
ment  Guidelines. 


MCNC  current  cost  models  indicate,  at  manufacturing 
volumes,  the  BATS  processing  cost  including  equipment 
amortization,  substrate  amortization,  materials,  and  labor 
will  range  from  $1 .62  per  die  (<  100  I/O)  to  $5.40  per  die 
(<2500  I/O).  Test  and  bum-in  charges  not  included. 


Cost  Factor 

Comment 

Cost 

Wafer  Processing 

Solder  bumps 

$$ 

Materials  Cost/Use 

Relatively  low  #  of  uses 

$$ 

Assembly, 

Disassembly 

Cycle  times  moderately  higl 

$$ 

MCC  Cost  Judgement 

Comments 

The  solder  bump  transfer  capability  is  an  innovative 
idea.  By  relegating  the  solder  bump  process  to  the  carrier, 
device  yield  loss  from  this  step  can  be  avoided,  and  econo¬ 
mies  of  scale  can  be  achieved  even  for  short  run  devices. 


Concerns 

•  Selection  of  this  technology  means  that  wafers  must 
be  solder  bumped  which  limits  final  assembly 
options.  Defects  may  also  be  introduced.  If  preferred 
final  assembly  requires  solder  bumps,  then  cost  of 
wafer  bumping  is  value  added. 

•  Addition  of  solder  bumps  by  transfer  from  carrier 
still  requires  wafer-level  processing  in  the  form  of 
barrier  added.  Process  may  be  difficult  to  optimize. 

Equipment  Required 

A  flip  chip  aligner/bonder  is  used  for  die  to  carrier 
assembly.  Thin  film  metallization  plating  equipment 
required  to  plate  sacrificial  metals  on  carrier. 


Supplier  Business  Information 

•  Microelectronics  Center  North  Carolina 
Electronic  Technologies  Division 
3021  Cornwallis  Road 

Research  Triangle  Park,  NC  27709-2889 

•  Primary  Business:  Research  and  development 

•  Total  Employees:  275 

•  1992  Sales: 

Contact 

Glenn  A.  Rinne 
(919)  248-1941 


Cost 


4 
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Supplier: 

MCNC 

Method:  Burn-in  and 
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NO  new  equipment  req'd 


NO  probe  contact 


per  Mil  spec  201 0.6 


NOchs»'  »  to  practices 


[Joes  Nt  require  +/-  0.5  mils 


Wafer  Mount  &  Saw  Rules  Subtotal 


Test  &  Bum  In  -  General  Rules 


Basic  function  test 

YES 

simulation/connection 

YES 
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TAG  Requirements 


ble  w/  bandwidth 


Supplier:  MCNC 


Specification 


YES 


Method:  Burn-in  and  Test  Subs 


Meets  TAG?  Weight 


!  3 


Score 


Backside  electrical  connection 

YES 

l 

Pin  1 1dentifier  provided 

YES  i 

\ 

Contact  passivaion  wells  up  to  1 .5  urn 


Contact  passivaion  wells  up  to  8.0  pm 


Test  &  Bum  In  -  General  Rules  Subtotal 

| 

Low  I/O  Test  Rules 

Cartier  Operation  Temperature 


Contact  Resistance 


Min.  Clock  Fteq 


Pad  contact  (Peripheral,  array,  both) 


|0-125°C 


IS  0.5  O 


1 100  MHz 


Both 


Pad  metallization  accepted(AI,Au, Solder)  ALL 


Min.  pitch 


Min.  pad  dimension 


Char,  impedance 


Bandwidth 


Power  handling  capaci 


Min.  number  of  touchdowns  /  die 


Low  I/O  Test  Rules  Subtotal 


I/O  Test  Rules 


Carrier  Operation  Temperature 


Contact  Resistance 


Min.  Clock  Freq 


Pad  contact  (Peripheral,  array,  both) 


Pad  metallization  a 


200pm _ 


100  pm 


500  ±10% 


500  MHz 


3W/cm 2 


2 


ed(AI,Au, Solder)  [ALL 


(150pm 


Min.  pad  dimension  75  pm 


Char.  Im 


Bandwidth 


Power  handling  capa 


Min.  number  of  touchdowns  /  die  2 


High  I/O  Test  Rules  Subtotal 


Bum  In  Rules 


Die  Temperature  max  |175°C 


Ambient  temperature  max  1 150*0  _ 


Contact  Resistance  s  0.5  Cl 


Min.  Clock  Freq.  _ 


Pad  contact  (Peripheral,  array,  both) 


Pad  metallization  accepted(AJ,Au, Solder)  [ALL _ 


Min,  pitch _ _ 


Min.  pad  dimension  1 100  pm 


Power  handling  capacity  1 3  W/cm 2  - 1 0W/cm2 


Min.  number  of  touchdowns  /  die 


Bum  In  Rules  Subtotal 


Pack  &  Ship  Rules 


rJEDECKGD  specification  I  YES 


Inspection 


Allow  optical  inspection  of  device 


TOTAL  SCORE 
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Temporary  Contact  Approaches  to  KGD 

Acsist 

Aehr  Test  Systems 
Fresh  Quest 
IBM 
MCC 

Micron  Semiconductor  (KGD  Plus) 

Packard  Hughes  i 

Plastronics 

Qualhi  I 

Sandia  National  Lab 

I 

TI/MMS 

TRIBOTECH 

i 


Yamaichi 
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ACSIST  Associates 


ACSIST  ASSOCIATES  INC 

Particle  Interconnect 


General  Information 

ACSIST  plans  to  apply  their  patented  Particle 
Interconnect  (PI)  technology  into  a  TAB  slide  type  carrier 
in  order  to  take  advantage  of  the  existing  base  of  TAB 
processing  equipment.  The  interconnect  would  be  built 
with  ACSIST  laminate  capabilities,  and  other  parts  of  the 
carrier  mechanism  provided  by  partners.  The  contact 
mechanism  would  be  based  on  the  piercing  action  of  the 
particle  interconnect,  nans  are  to  use  meanical  or  optical 
alignment  of  the  die  to  carrier  interconnect  This  product 
is  currently  conceptual,  and  ACSIST  intends  to  enter  into 
a  partnership  agreement  with  another  company  to  develop 
the  mechanical  portions  of  the  carrier. 

Technical  Description 

ACSIST  Associates  has  a  patented  contact  methodol¬ 
ogy,  Particle  Interconnect  (PI)  for  forming  separable  or 
permanent  interconnections  with  minimal  damage  to  the 
surface(s)  being  probed.  PI  forms  a  connection  by 
utilising  a  piercing  action  to  penetrate  any  surface  oxides. 
This  interconnect  technology  has  been  successfully 
applied  in  a  number  of  commercial  test  applications  for 
packaged  ICs,  and  is  also  currently  being  utilized  for 
testing  MCM-L  substrates  which  are  manufactured  by 
ACSIST.  In  addition,  this  interconnect  technology  is 
being  used  by  one  external  customer  to  test  high  I/O,  flip 
chip  ready,  area  array  solder  bumped  integrated  circuits. 

ACSIST  is  currently  developing  a  miniaturized 
version  of  Particle  Interconnect  on  a  laminate  probe  slide 
frame  similar  to  TAB  tape  frames.  These  will  be  compat¬ 
ible  with  industry  (JEDEC)  standard  TAB  test  carriers 
and  sockets.  The  initial  probes  will  have  the  capability  of 
contacting  peripheral  bond  pads  on  an  8  mil  pitch  and 
area  array  bond  pads  on  a  20  mil  pitch,  with  subsequent 
development  (during  1994/9 5)  to  3.8  mil  pitch  bond  pads. 
These  size  limitations  are  a  function  of  the  interconnect 
rather  than  the  particle  technology.  The  membranes  will 
have  an  integral  compliance  capability  to  accommodate 
the  minor  planarity  variations  of  either  the  membrane 
probe  or  the  device  under  test  In  addition,  PI  technology 
may  be  incorporated  directly  on  bum-in  boards  to 
increase  the  density  of  components  on  those  boards.  The 
condition  of  the  die  pads  after  use  of  this  interconnect  is 


unknown  and  may  be  dependent  on  metallurgy  and 
configuration  (e.g.,  thin  A1  pads  vs.  thick  solder  bumps). 
The  number  of  uses  per  particle  interconnect  and  required 
maintenance  (cleans)  are  unknown.  ACSIST  will  enter 
into  strategic  relationships  to  deliver  an  integrated 
solution  for  KGD. 

Readiness  Level 
Readiness  Category: 

This  technology  is  conceptual. 

Equipment  status: 

Assembler/disassembler  equipment  is  currently 
conceptual.  Assembly/alignment  and  disassembly  would 
have  to  be  performed  manually  until  this  equipment  is 
ready. 

Process  status: 

Particle  deposition  and  coating  processes  are  still  in 
development  ACSIST  is  currently  working  under  a 
research  grant  to  extend  their  membrane  laminate  inter¬ 
connects  to  a  3.8  mil  pitch  capability,  and  also  continuing 
development  of  the  particle  contact  system.  A  generic 
carrier  assembly  process  has  been  described,  but  ACSIST 
points  out  that  each  user  may  modify  the  process  for 
insertion  into  their  own  process  flow.  Details  of  the 
“integral  hold  down  mechanism”  remain  concealed,  but 
indicate  that  it  is  a  simple  clamping  action  after  align¬ 
ment 

Capacity  issues: 

Production  capacity  for  making  laminate  based 
membrane  probes  suitable  for  area  array  solder  bumped 
ICs  available  now. 

Qualification  issues: 

Some  contact  resistance  work  has  been  performed. 
Alignment  Method 

Alignment  methodologies  will  depend  on  the  carrier, 
which  has  not  yet  been  defined.  Provisions  for  mechani¬ 
cal  alignment  (fiducials)  can  be  fabricated  on  the  mem¬ 
brane;  this  will  require  precision  sawing  of  the  die.  In 
lieu  of  accurate  sawing,  optical  alignment  must  be  used. 


53 


ACSISTAssocmm 


Contact  Mechanism 

Extremely  hard  conductive  particles  (typically,  plated 
diamond)  pierce  cotides  without  scrubbing,  with  compara¬ 
tively  small  normal  force  applied-  Particles  may  be  as 
small  as  one  micron,  and  several  choices  of  metallurgy 
are  available. 

Key  Features 

Particles  are  used  to  make  contact  between  the  die 
and  interconnect  Membrane  probe  sets  (slides)  will  be 
designed  to  fit  JEDEC  TAB  slide  carriers  and  sockets  for 
test  and  bum-in. 

Non-Compliance  with  Technology  Assessment 
Guidelines 

The  current  choice  of  interconnect  limits  the  technol¬ 
ogy  to  an  8  mil  pitch  and  a  100  micron  bond  pad  Devel¬ 
opment  [dans  call  for  an  approach  which  will  allow 
ACSIST  to  meet  the  TAG  High  I/O  limits  of  6  mil  pitch 
and  75  micron  pads. 

Process  Flow  Description  (conceptual) 

1.0  Begin  with  die  in  waffle  pack  or  sawn  cm  wafer 
tape. 

2.0  Place  die  in  PI  membrane  slide. 

3.0  Activate  integral  hold  down  mechanism. 

4.0  Insert  PI  membrane  slide  into  standard  JEDEC 
TAB  slide  carrier,  close  lid 
5.0  Bum-in. 

6.0  Test 

7.0  Deactivate  integral  hold  down  mechanism  and 
remove  die  from  PI  membrane,  placing  die  into 
delivery  packaging. 

8.0  Inspect 

9.0  Clean  and  return  PI  membrane  and  TAB  slide 
carrier  for  reuse. 


Disadvantages 

•  Technology  is  be  pitch  limited  nows. 

•  See  also  Noncompliance  wtth  Technology  Assess- 
mentGuideunes. 

Concerns 

•  Nonuniform  particle  size  and  piercing  action  may 
cause  pad  damage,  especially  for  nonplanar  die  with 
thin  metallization. 

•  Size  grading  and  sorting  of  particles  may  be  costly. 

•  Frequency  and  method  for  cleaning  contacts  is 
unknown.  Robustness  to  clean  may  depend  on 
materials  selection. 

•  Ultimate  use  and  value  of  this  contact  technology  is 
dependent  upon  carrier  and  interconnect  selection. 


Equipment  Required 


Item 

PiKt 

Assembler/disassembler 

$50K  (man.) 

$250K  (auto) 

100/hr  (man) 

1000/hr  (auto) 

The  equipment  for  automated  operation  would  require  a 
high  speed  pick  and  place  robot  with  six  degrees  of 
freedom  and  end  effector  control  Depending  on  the 
precision  of  the  sawn  devices,  the  system  would  require  a 
vision  system  with  pattern  recognition  for  registering  the 
die  to  the  PI  membrane  slide  to  the  required  tolerance. 
Z-axis  force  control  and  sensitivity  would  be  required 
particularly  for  delicate  materials  such  as  GaAs.  If  die 
can  be  presented  to  the  pick  and  place  unit  in  a  face  down 
orientation,  it  would  eliminate  the  need  for  adding  the 
equipment  to  invert  the  die.  This  may  be  accomplished 
by  using  reversible  chip  trays  or  waffle  packs  which 
would  present  the  back  side  of  the  die  to  the  manual  or 
automatic  pick  and  place  equipment 


Advantages 

•  Piercing  action  may  enhance  contact  reliability. 

•  Contact  mechanism  proven  in  packaged  ICs. 
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! 

Cost  Comments 


The  following  information  was  supplied  by  ACSIST. 
Tooling  of  PI  membrane  slides  would  range  from  $3K  to 
$5K.  Lead  time  for  new  designs  would  be  four  to  six 
weeks,  and  lead  time  for  repeat  orders  would  be  two 
weeks  or  less.  The  TAB  slide  frame  carriers  and  sockets 
are  currently  commercially  available  from  multiple 
suppliers. 


Cost  Factor 

Comment 

Cost 

Wafer  Processing 

$ 

Materials  Cost/Use 

Size  grading  of  particles 
required 

$$ 

Assembly, 

Disassembly 

Dependent  on  carrier 
approach 

MCC  Cost  Judgement 

This  contact  methodology  may  be  best  suited  for 
bumped  die,  since  there  is  less  need  to  control  particle 
size  and  penetration. 

Supplier  Business  Information 

•  ACSIST  Associates 
3965  Meadowbrook  Road 
Minneapolis,  MN  55426 
(612)  931-1300 

•  Primary  Business:  Printed  circuit  boards 

•  Total  Employees:  130 

•  1993  Sales:  $I4M 

Contact 


Carl  Reynolds 
PHONE:  (612)931-1334 
FAX:  (612)  938-3731 


* 


* 
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LZuZJUi 


Bipolar 


CMOS 


BICMOS 


Si  On  Insulator 


GaAs 


al 


Mixed 


Memories 


MPUs 


DSPs 


Gate  Arrays 


Supplier:  Acsist 


_  i  Specification 


i  Accept 


[Accept 


1  Accept 


I  Accept 


I  Accept 


Accept 


Accept 


Accept 


Accept 


I  Accept 


lAccept 


Method:  Particle  Interconnect 


Meets  TAG?\  Weight  Score 


r 

2 

2 

r 

1 

1 

f 

1 

1 

1 

r 

2 

2 

lAccept 


ASICs 

lAccept 

1 

Peripheral  bond  pads 

Accept 

Array  pads 

Accept 

1 

Bumped  die 


[Accept 


Device  Type  Rules  Subtotal 


Wafer/Die  Size  Rules 

Size 

2.5K-500K  mil2 

max  aspect  ratio 


min.  size  tolerance 


die  thickness 

10 -30  mils 

min.  thickness  tolerance 

±1.0  mils 

Wafer/Die  Size  Rules  Subtotal 

Interconnect  Rules 

ESE539G5iaSEK 


ht  variation 


1C  Pad 


Metallurgy  accepted 


Metallurgy  Changes  required 


Interconnect  Rules  Subtotal 


Device  Design  Rules _ 


or  impact  required 


Water  Fabrication  Rules 


or  Impact  Required 


radation  of  die 


NO  plana 


i Al.  Au,  Solder 


NO  change  in  qualitv/reliabil 


Wafer  /  Die  Probe  Rules 

Does  NOT  Prohibit  Use  of  wafer  probe 

Wafer  probing  OK 

New  capital  equipment  required  by  fab 

NO  new  equipment  req'd 

Probe  contact  to  passivation 

NO  probe  contact 

per  Mil  spec  2010.6 


|NO  change  to  practices 


Acceptable  probe  pad  dama 


Wafer/Die  Probe  Rules  Subtotal 


Wafer  Mount  and  Saw  Rules 


on  current  practices  _ 


required  for  edge  placement  of  d  Does  NOT  require  +/-  0.5  mils 


Wafer  Mount  &  Saw  Rules  Subtotal 


Test  &  Bum  In  •  General  Rules 


BIST  Capable 


Basic  function  test 


simulation/connection 


TAG  Requirements 


tible  w/  bandwidth 


Backside  electrical  connection 


Pin  1 1dentifier  provided 


Contact  passivaion  wells  up  to  1.5  pm 


Contact  passivaion  wells  up  to  8.0  pm 


Acsist 


1  Specification 


YES 


!YES 


YES 


YES 


I  YES 


Method: |  Particle  interconnect 


Meets  TAG?,  Weight 


3 


3 


Test  &  Bum  In  -  General  Rules  Subtotal 

Low  I/O  Test  Rules 

i 

Carrier  Operation  Temperature 


0-1 25°C 


Contact  Resistance 

£  0.5  O 

1 

Min.  Clock  Freq 

100  MHz 

1 

Pad  contact  (Peripheral,  array,  both) 

Both 

> 

Pad  metallization  accepted(AI,Au,Solder) 

ALL 

> 

200pm 


Min.  pad  dimension 

100  pm 

1 

Char.  Impedance 

500  ±10% 

Bandwidth 

500  MHz 

Power  handling  capacity 

3W/em2 

1 

Min.  number  of  touchdowns  /  die 


Low  I/O  Test  Rules  Subtotal 


I/O  Test  Rules  i 


Carrier  Operation  Temperature 

0-125°C 

Contact  Resistance 

£0.5  O 

Min.  Clock  Freq 

100  MHz 

Pad  contact  (Peripheral,  array,  both) 

Both 

Pad  metallization  accepted(Al,Au, Solder) 

ALL 

Min.  pitch 

150pm 

Min.  pad  dimension 

75  pm 

Char.  Impedance 

50Q  ±10% 

Bandwidth 

500  MHz 

Power  handling  capacity 

10W/cm2 

Min.  number  of  touchdowns  /  die 

2 

_ High  I/O  Test  Rules  Subtotal 


Bum  In  Rules 


Die  Temperature  max 


Ambient  temperature  max 


Contact  Resistance 


Min.  Clock  Fi 


175°C 


150°C 


£0.5  0 


20  MHz 


Pad  metallization  accepted(AI,Au, Solder) 

ALL 

Min.  pitch 

200pm 

Min.  pad  dimension 


Power  handling 


100  pm 


1 3  W/cm2  - 1 0W/cm2 


Min.  number  of  touchdowns  /  die 

2 

Bum  In  Rules  Subtotal 

Pack  A  Ship  Rules 


perJEDECKGD  specification 


Inspection 

. 

Score 


Allow  optical  inspection  of  device 
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AEHR  TEST  SYSTEMS 

Carrier/Socket 


General  Information 

Aehr  Test  is  developing  a  complete  process  for 
handling  and  performing  bum-in  and  test  of  bare  die  in 
reusable  carriers  that  are  compatible  with  existing  bum- 
in,  test,  and  automated  handling  systems  (Figure  14).  The 
development  includes  a  family  of  carriers  which  can 
handle  die  with  up  to  500  I/O.  The  carrier  uses  a  deriva¬ 
tive  of  the  Nitto  Denko  AS  MAT  thin  film  interconnect 
Contact  to  the  die  is  made  using  the  nonscrubbing,  oxide 
piercing  bumps  which  are  an  integral  part  of  the  intercon¬ 
nect  Alignment  is  strictly  mechanical.  The  carrier  lid  is 
used  as  a  heat  spreader  for  thermal  management  Aehr  is 
currently  in  alpha  test  of  this  carrier  with  a  partner 
company.  Investments  in  equipment  for  carrier  produc¬ 
tion  and  an  automatic  loading  station  are  also  currently 
being  made.  As  a  supplier  of  bum-in  equipment  and 
supplies,  Aehr  is  particularly  sensitive  to  issues  of 
compatibility  and  automation. 

Technical  Description 

The  Aehr  Test  carrier  uses  Nitto  Denko  ASMAT  thin 
film  interconnect  to  provide  electrical  connection  between 
the  pads  on  the  die  and  the  contacts  on  the  bum- in  and 
test  socket  The  ASMAT  material  is  a  polyimide  film 
which  supports  fine  line  pitch  and  through  holes  filled 
with  metal,  forming  electrically  conductive  bumps  on  the 
film.  Data  from  Nitto  Denko  indicates  that  the  ASMAT 
die  contact  interface  provides  a  low  contact  resistance  (SO 


to  60  milliohms)  at  30  to  70  grams  of  contact  force  per 
pin.  Nitto  has  successfully  used  the  ASMAT  technology 
in  probe  cards  for  test  applications.  The  carrier  provides 
the  mechanical  support  for  the  interconnect  and  the 
mechanical  interface  to  the  socket  A  mechanism  con¬ 
tained  within  the  carrier  mechanically  aligns  the  die, 
interconnect,  and  socket  interface.  The  hinged  lid  applies 
a  controlled  force  to  the  die  and  allows  it  to  mate  property 
to  the  substrate.  Once  installed  in  the  carrier,  the  die  is 
protected  from  the  environment  Sufficient  thermal  mass 
is  provided  by  the  carrier  to  remove  heat  from  the  die. 
Work  by  Nitto  Denko  indicates  that  damage  to  aluminum 
bond  pads  due  to  contact  with  the  ASMAT  bumps  is 
minimal.  Thermal  life  of  the  interconnect  is  expected  to 
be  high. 

Readiness  Level 
Readiness  Category: 

The  Aehr  Test  carrier  is  in  alpha  test,  both  in-house 
and  at  a  beta  site.  Aehr  is  currently  investing  in  the  low- 
cost  tooling  required  to  produce  carriers  and  sockets  in 
quantity  at  low  cost  The  current  generation  of  carriers  is 
machined.  Production  sockets  are  available  up  to  116 
pins. 

Equipment  status: 

The  die  are  currently  loaded  into  carriers  by  hand. 

An  automatic  loading  station  is  in  the  works  and  is 

expected  to  be  ready  by  3Q94.  Carriers  may  be 
loaded  into  sockets  on  bum-in  boards  using  Aehr 
Test’s  existing  ALS-1000  automated  loader/ 
unloader. 

Process  status: 

The  Nitto  Denko  film  has  been  characterized 
and  is  ready  for  use.  The  die  loading/unloading 
process  is  currently  performed  by  hand,  automa¬ 
tion  will  follow  with  the  auto  loading  station. 

Capacity  issues: 

Production  capacity  for  sockets  is  essentially 
unlimited,  but  capacity  for  carrier  assembly  is 
currently  500  to  1000  per  week.  This  capacity  is 
limited  by  nanual  test  and  inspection  throughput, 
which  w  ”  be  increased  by  automatioa  Lead 
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tunes  for  carriers  and  sockets  is  currently  about  10  to  12 
weeks  ARO,  which  allows  time  for  design  verification. 

Qualification  issues: 

Aehr  is  currently  qualifying  this  carrier/socket  for 
KGD  production  using  test  during  bum-in  to  verify 
contact  reliability.  This  qualification  test  data  will  be 
made  available  upon  request  when  completed  An 
electrical  performance  evaluation  is  part  of  this  qualifica¬ 
tion,  as  well  as  mechanical/contact  resistance/alignment 
tests. 

Alignment  Method 

Alignment  is  strictly  mechanical,  although  later  a 
version  may  offer  provisions  for  optical  alignment 


2.1  Remove  lid  screw 

2.2  Swing  lid  aside 

2.3  Pick  and  place  die  face  down  in  proper  orienta¬ 
tion 

2.4  Rotate  lid  into  place 

2.5  Insert  screw 
3.0  Disassembly 

3.1  Remove  lid  screw 

3.2  Swing  lid  aside 

3.3  Remove  die  with  vacuum  wand  and  place  in 
delivery  package 

3.4  Rotate  lid  into  place 

3.5  Insert  screw 


Contact  Mechanism 

Bumps  in  the  Nitto  Denko  ASMAT  film  make 
contact  similar  to  rivets  by  penetrating  oxide  without 
scrubbing  motion. 

Key  Features 

Simple  carrier  approach  depends  on  ASMAT 
technology  from  Nitto  Denko.  Use  of  mechanical  align¬ 
ment  offers  potential  for  high  throughput. 

Noncompuance  with  Technology  Assessment 
Guidelines 

The  current  approach  calls  for  mechanical  alignment 
of  the  die  which  will  require  a  high  precision  wafer  saw 
process. 

The  Aehr  Test  technology  was  not  penalized  for  die 
size,  although  there  are  some  concerns  as  to  how  very 
small  die  might  be  handled  and  aligned  (JAG  guidelines 
say  that  the  technology  will  accommodate  50  mil  die). 

Process  Flow  Description 

NOTE:  This  describes  the  process  for  assembling  die 
into  the  prototype  version  of  the  carrier,  and  does  not 
represent  the  process  for  the  anticipated  production 
version. 

1.0  Begin  with  die  on  wafer  tape  (sawn)  or  in  waffle 
pack  type  packaging 

2.0  Assembly 


Advantages 

•  Nonscrubbing  contact  may  minimize  pad  damage, 
assuming  excessive  force  is  not  required  to  over¬ 
come  non-planarity. 

•  Contact  materials  and  mechanism  has  been  charac¬ 
terized  by  Nitto  Denko  at  time  and  temperature. 

•  Quick  mechanical  align  possible  for  precision  sawn 
die. 

•  Company  is  very  sensitive  to  compatibility  and 
automation  issues. 

•  Assembly  provides  air  tight  seal  for  protection 
during  bum-in  and  test 

Disadvantages 

•  Currently  no  methodology  few  maintaining  die 
placement  during  assembly  if  alignment  must  be 
made  using  vision  (rather  than  mechanical)  system. 

•  See  also  Noncompuance  with  Technology 
Assessment  Guidelines 

Concerns 

•  Nonscrubbing  action  may  affect  contact  reliability. 

•  Frequency  and  method  of  cleaning  contacts  is 
unknown.  If  cleaning  requires  scrubbing,,  it  may 
significantly  impact  lifetime  by  weakening  probe  tip 
to  interconnect  interface. 

•  Die  saw  may  not  be  precise  enough  to  permit 
mechanical  align. 
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AehrTast  Systems 


Equipment  Required 


Item 

Cost 

Throughput 

Die  to  carrier 
assembly  station 

$150K-  $300K 

2K/hr  -  7.2K/hr 

Carrier  to  socket 
assembly  station 

$100-  $150K 

=  2000/hr 

Equipment  Description  for  Automated  Process 

Fully-automated  system  is  in  development. 


Cost 


Cost  Factor 

Comment 

Cost 

Wafer  Processing 

None  required 

$ 

Materials  Cost/Use 

High  carrier  reuse 

$ 

Assembly, 

Disassembly 

Mechanical  align 

$ 

MCC  Cost  Judgement 

Supplier  Business  Information 

•  Aehr  Test  Systems,  Inc. 

1667  Plymouth  Street 
Mountain  View,  CA  94043 
(415)  691-9400 

•  Primary  Business:  Test  and  bum-in  equipment 

•  Total  Employees:  200  -  250 

•  1992  Sales:  $25M  -  $50M 

Contacts 

Lina  Prokopchak 
PHONE:  (415)691-9400 
FAX:  (415)691-0980 

Carl  Buck 

PHONE:  (415)691-9400 


Comments 

Since  Aehr  is  a  supplier  of  bum-in  equipment,  it  is 
expected  that  their  solutions  to  KGD  will  be  highly 
sensitive  to  compatibility  with  existing  bum-in  and  test 
processes  and  strategies. 
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TAG  Requirements 


les 


BiPolar 


CMOS 


BICMOS 


Si  On  Insulator 


GaAs 


Digital 


Mixed 


Memories 


MPUs 


DSPs 


njjunB 


AEHR 

Method:  no  name 

Specification 

Meets  TAG i  Weight  Score 

I  Accept 


Accept 


Accept 


i  Accept 


[Accept 


Accept 


Accept 


[Accept 


Accept 


[Accept 


Accept 


Accept 


04 

3  1  3 

2  [  2 

r 

1  j  1 

1  1 

Gate  Arrays 

Accept 

ASICs 

Accept 

Peripheral  bond  pads 

Accept 

Array  pads 

Accept 

Bumped  die 

Accept 

Rules  Subtotal 


2.5K-500K  mi  12 


3  to  1 


±0.5  mils  or  larger 


10  -  30  mils 


11.0  mils 


variation 


NO  planarity  degradation  of  die 


Ai,  Au,  Solder 


NO  change  in  quality/reliabili 


Device  T 


Wafer/Die  Size  Rules 


Size 


max.  aspect  ratio 


min.  size  tolerance  10.5  mils 


die  thickness 


min.  thickness  tolerance 


Wafer/Die  Size  Rules  Subtotal 


Interconnect  Rules 


t  variation 


1C  Pad  pi 


Metallurgy  accepted 


Metallurgy  Changes  required _ [NO  chan 


Interconnect  Rules  Subtotal 


Device  Design  Rules 


e  or  impact  required  _ I  NO  chan 


Wafer  Fabrication  Rules 


or  Impact  Required 


Wafer  /  Die  Probe  Rules 


Does  NOT  Prohibit  Use  of  wafer  probe 


New  capital  equipment  required  by  fab 


Probe  contact  to  passivation  NO  probe  contact 


Acceptable  probe  pad  damage  _ 


Wafer/Die  Probe  Rules  Subtotal 


Wafer  Mount  and  Saw  Rules 


Impact  on  current  practices  NO  change  to  practices 


Accuracy  required  for  edge  placement  of  d  Does  NOT  require  +/-  0.5  mils 


Wafer  Mount  &  Saw  Rules  Subtotal 


Test  &  Bum  in  •  General  Rules 


[Wafer  probing  OK 


NO  new  equipment  req'd 


per  Mil  spec  2010.6 


BIST  Capable 

YES 

Basic  function  test 

YES 

simulation/connection 

YES 

\ 
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Supplier:!  AEHR  |  Method:! 

no  name 

TAG  Requirements 

1  Specification  !  Meets  TAG? 

Weight 

Score 

Rc  compatible  w/  bandwidth  I  YES 


Backside  electrical  connection  YES 


Pin  1 1dentifier  provided  YES 


Contact  passivaion  wells  up  to  1 .5 


Contact  passivaion  wells  up  to  8.0  pm  !  YES 


Test  &  Bum  In  -  General  Rules  Subtotal 


Low  I/O  Test  Rules 


Carrier  Operation  Temperature  1 0-1 2 


Contact  Resistance  <  O.i 


Min.  Clock  Freq  1 1 00 


Pad  contact  (Peripheral,  array,  both) 


Pad  metallization  accepted(AI,Au, Solder)  ALL 


12' 


Min.  pad  dimension  1 1 00  pm 


Char.  Impedance 

500  ±10% 

Y 

2 

2 

Bandwidth 

500  MHz 

Y 

2 

2 

ed(Ai,Au, Solder)  [ALL 


Power  handling  capacity  _  _ 


Min.  number  of  touchdowns  /  die 


Low  I/O  Test  Rules  Subtotal 


I/O  Test  Rules 


Carrier  Operation  Temperature 


Contact  Resistance 


Min.  Clock  Freq 


Pad  contact  (Peripheral,  array,  both) 


Pad  metallization  a 


Min,  pitch  1150pm 


Min,  pad  dimension 


Char.  Impedance 


Bandwidth 


Power  handling  capa 


Min.  number  of  touchdowns  /  die 


High  I/O  Test  Rules  Subtotal 


Bum  In  Rules 


Die  Temperature  max 


Ambient  temperature  max 


Contact  Resistance 


Min.  Clock  F 


3W/cm2 


2 


Pad  contact  (Peripheral,  array,  both) 

Both 

Pad  metallization  accepted(A.,Au, Solder)  ALL 

' 

Min.  pitch 


Min.  pad  dimension 


Power  handling  capacity 


Min.  number  of  touchdowns  /  die 


Bum  In  Rules  Subtotal 


Pack  &  Ship  Rules 


perJEDEC  KGD  specification  _ 


175°C 


150°C 


£0.5  0 


20  MHz 


200pm 


100  pm 


3  W/cm2  - 1 0W/cm2 


2 


Inspection  i 

California  Contacts 

CALIFORNIA  CONTACTS 

Mterobeam 


General  Information 

California  Contacts  is  developing  a  KGD  technology 
based  on  their  microbeam  probe  technology  (Figure  IS). 
The  configuration  of  the  socket  is  for  making  contact  to 
bare  die,  without  the  use  of  a  carrier.  Bare  die  are  placed 
directly  into  the  sockets,  face  down,  where  scrubbing 
style  contact  is  made  by  the  independently  compliant 
probes  in  the  socket  Rough  alignment  of  the  die  is  made 
mechanically  by  a  machined  chip  guide  and  fine  align  is  a 
manual  optical  operation.  The  die  is  held  in  place  by  a 
spring  clip  and  pressure  plate,  which  also  serves  as  a  heat 
sink.  These  microbeam  sockets  are  directly  mounted  on 
the  test  and  bum-in  boards,  where  they  remain,  while  bare 
die  are  inserted  and  removed.  California  Contacts  is  in 
development  of  this  system,  and  they  are  currently  under 
contract  to  produce  a  small  quantity  of  sockets  and  bum- 
in  boards.  California  Contacts  relies  heavily  on  subcon¬ 
tracting  to  supply  components  for  their  technology. 

Technical  Description 


action  by  the  microbeams,  which  are  individually  cantile¬ 
vered.  This  provides  compliance  for  even  contact  face 
across  all  pads.  A  separate  microbeam  assembly  is 
required  for  each  side  of  the  die.  Only  die  with  peripheral 
bond  pads  may  be  used.  Initial  alignment  is  made  by 
mounting  each  of  the  four  microbeam  assemblies  on  the 
bum-in  board  and  aligning  each  to  the  die.  After  one 
alignment,  the  microbeam  assemblies  do  not  need  further 
alignment  The  die  are  mounted  into  the  die  sockets  face 
down  using  a  mechanical/manual  optical  alignment 
system,  and  the  die  are  held  in  place  using  an  integrated 
spring  clip/heat  sink.  Die  may  be  placed  into  and  re¬ 
moved  from  a  test  socket  at  the  socket  site,  and  an 
assembly  station  for  loading  die  into  multiple  site  bum-in 
boards  is  available. 

The  condition  of  bond  ''ads  after  use  is  expected  to  be 
similar  to  those  after  conventional  probe.  This  technology 
is  expected  to  be  pitch  limited.  The  number  of  uses  per 
microbeam  assembly  is  expected  to  be  moderate  and  may 
be  limited  by  the  number  of  cleans. 


California  Contacts  plans  to  use  their  microbeam 
conductor  and  contact  system  to  provide  a  controlled 
impedance  interconnect  environment  in  die  sockets, 
which  are  mounted  directly  cm  a  tester  load  board  or  bum- 
in  board.  The  microbeam  contact  system  provides 
controlled  impedance  to  within  mils  of  the  IC  bold  pads, 
and  allows  for  user  selection  of  contact  metallurgies. 
Electrical  contact  is  made  with  traditional  scrubbing 


Readiness  Level 
Readiness  Category: 

This  technology  is  in  development  A  customer  has 
begun  placing  orders  with  California  Contacts  for  bare  die 
bum-in  boards.  Product  qualification  is  anticipated  based 
on  prior  experience  with  probe  card  products  from 
California  Contacts. 


Individually  spring  cantilevered  controlled  impedance  contact 
fingers  with  choice  of  contact  material 


Figure  15.  KGD  Concept 


California  Contacts 

Equipment  status: 

All  equipment  needed  for  fabrication  of  the  compo¬ 
nents  of  this  technology  is  in  place  at  subcontractor 
facilities  or  at  California  Contacts.  Assembly  of  the  die 
into  test  sockets  or  bum-in  boards  may  be  performed 
manually,  but  the  normal  lead  time  for  this  product  allows 
for  design  and  production  of  a  customer  specific  insertion 
and  removal  station.  This  design  is  specific  to  the 
particular  bum-in  boards  used  by  each  customer,  due  to 
the  direct  insertion  of  die  into  the  sockets  on  bum-in 
boards. 

Process  status: 

The  assembly/disassembly  is  a  direct  insertion  and 
removal.  No  other  die  processing  is  required.  The 
process  for  fabrication  of  microbeam  contacts  has  been  in 
place  for  probe  card  production  and  is  well  established. 

Capacity  issues: 

A  6  to  8  week  lead  time  is  required  for  microbeam, 
socket,  and  board  design  and  fabrication.  Following  this 
period,  California  Contacts  is  capable  of  delivering  5  to 
10  multiple  site  bum-in  boards  per  week. 

Qualification  issues: 

Although  the  microbeam  probe  contactors  have  been 
used  for  years  and  have  demonstrated  reliable  probe  life 
of  over  one  million  touchdowns,  no  specific  qualification 
of  the  KGD  carrier/socket  has  been  performed.  This  will 
be  performed  in  conjunction  with  an  initial  order  (already 
pending). 

Alignment  Method 

Rough  mechanical  placement  is  followed  by  manual 
optical  align. 

Contact  Mechanism 

Proprietary  microbeam  contactor  mechanism  uses 
individual  cantilevered  beams  for  compliance  and 
scrubbing. 

Key  Features 

Impedance  controlled  interconnect  is  provided  in  this 
carrier-free  technology.  Bare  die  are  placed  directly  in 
bum-in  board  sockets. 


Noncompliance  with  Technology  Assessment 
Guidelines 

The  probe  card  based  technology  is  limited  to  use 
with  die  which  have  peripheral  bond  pads  with  a  pitch  of 
8  mils  or  greater.  Development  plans  call  for  an  approach 
which  will  allow  California  Contacts  to  meet  the  TAG 
High  I/O  limits  of  6  mil  pitch  and  75  micron  pads. 

The  current  approach  calls  for  mechanical  alignment 
of  the  die  which  will  require  a  high  precision  wafer  saw  * 
process. 

The  California  Contacts  technology  was  not  penal¬ 
ized  for  die  size,  although  there  are  some  concerns  as  to 
how  very  small  die  might  be  handled  and  aligned.  (TAG 
guidelines  say  that  the  technology  will  accommodate  50 
mil  die). 

Process  Flow  Description 

1 .0  Begin  with  bare  die  on  wafer  tape  or  in  waffle 
packs 

2.0  Assemble  and  align  Microbeam  contacts  on  load 
board  and  bum-in  boards. 

3.0  Load  die  and  board  into  optical  alignment  station. 

4.0  Align  and  place  die  into  sockets  on  board. 

5.0  Apply  spring  clip/heat  sink  to  hold  die  in  place. 

6.0  Bum-indie. 

7.0  Remove  die  from  bum-in  boards. 

8.0  Load  and  align  die  in  test  load  board 

9.0  Test  die  in  tester  load  board. 

10.0  Remove  Spring  clip/heat  sink. 

1 1 .0  Remove  die  from  tester  load  board. 

12.0  Place  die  in  delivery  packaging. 


•  Scrubbing  action  may  enhance  contact  reliability. 

•  Contact  mechanism  proven  at  ambient  conditions  in  4 
probe  cards. 

•  Better  than  average  compliance  for  reliable  contact 

to  non-planar  die.  + 

•  Quick  mechanical  align  possible  for  precision  sawn 
die. 

•  User  selectable  metallurgy  at  probe  tips. 


Advantages 
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California  Contacts 


Disadvantages 

•  Technology  is  pitch  limited. 

•  Currently  no  methodology  for  maintaining  die 
placement  during  assembly  if  alignment  must  be 

,  made  using  vision  (rather  than  mechanical)  system. 

•  See  also  Noncompliance  wtth  Technology  Assess¬ 
ment  Guidelines 

Concerns 

•  Scrubbing  action  over  temperature  excursions  may 
introduce  unacceptable  amounts  of  pad  damage  for 
final  assembly  application. 

•  Alignment  directly  to  load  board  or  bum-in  board 
may  be  difficult 

•  Probe  dps  may  require  more  maintenance  than 
average.  Cleaning  may  shorten  life  of  probes. 


Cost 


Cost  Factor 

Comment 

Cost 

Wafer  Processing 

$ 

Materials  Cost/Use 

Probe  tips  require  more 
maintenance  than  average 

$$ 

Assembly, 

Disassembly 

$ 

MCC  Cost  Judgement 

Comments 

Possibility  for  placement  of  “micro-fabbed”  capaci¬ 
tors  very  near  the  pad  contact  points.  Pad  pitch  down  to 
3.8  mils  planned.  Note  die  load  directly  onto  bum-in 
boards  or  load  boards. 

Supplier  Business  Information 


Equipment  Required 


Item 

Cost 

Throughput 

Assembly  station 

Unknown 

Unknown 

•  California  Contacts 
1118  Walsh  Avenue 
Santa  Clara,  CA  95050 
(408)  986-0930 


%• 


Equipment  Description  for  Automated  Process 

The  pick  and  place  system  would  require  a  robot  with 
four  degrees  of  freedom  and  two  end  effectors.  The 
system  would  require  a  vision  system  with  pattern 
recognition  capabilities  and  two  cameras  for  use  in 
registering  the  die  to  the  carrier  within  the  needed  toler¬ 
ance.  Vertical  force  sensing  and  control  for  die  handling 
would  be  required.  Chip  inversion  could  be  performed  by 
using  a  reversible  chip  transport  tray  which  could  be 
flipped  to  present  the  back  side  of  chip  prior  to  compo¬ 
nent  acquisition .  If  chip  inversion  is  performed  after 
component  acquisition,  the  pick  and  place  system  must 
have  two  robot  arms.  One  robot  arm  must  acquire  and 
rotate  die,  while  the  other  arm  must  retrieve  the  die  from 
the  back  side.  A  custom  end  effector  will  install  and 
remove  the  carrier  assembly. 


•  Primary  Business:  Test  fixtures  for  electronic 

components 

•  Total  Employees:  3 

•  1992  Sales:  $250K  —  $500K 

Contact 

George  Isaac 
PHONE:  (408)  986-0930 
FAX:  (408)986-9841 
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Supplier: 

California  Contacts 

Method: 

Micro  Beam  sockets 

TAG  Requirements 

Specification 

Meets  TAG?, 

Weight 

Score 

Rules 


BiPolar 


CMOS 


BICMOS 


Si  On  Insulator 


GaAs 


Mixed 


Memories 


MPUs 


DSPs 


Gate  Arrays 


ASICs 


Peripheral  bond  pads 


Array  pads 


Bumped  die 


Wafer/Die  Size  Rules 


Size 


max  aspect  ratio 


min.  size  tolerance 


diethickness 


min.  thickness  tolerance 


Wafer/Die  Size  Rules  Subtotal 


Interconnect  Rules 


Planarity:  Pad  to  pad  height  variation 


1C  Pad  plan 


Metallurgy  accepted 


Accept 


[Accept 


!  Accept 


(Accept 


(Accept 


Accept 


(Accept 


Accept 


(Accept 


I  Accept 


|  Accept 


Accept 


(Accept 


I  Accept 


(Accept 


(Accept 


Accept 


S3 

Rules  Subtotal' 

i 

o 

31 

2.5K-500K  mil2 


3  to  1 


±0.5  mils  or  larger 


10  -  30  mils 


±1.0  mils 


Chan 

red 

|NO  change  in  quality/reliabili 

Interconnect  Rules  Subtotal 


Device  Design  Rules  _ 


e  or  impact  required 


Wafer  Fabrication  Rules 


e  or  Impact  Required 


Wafer  /  Die  Probe  Rules 


Does  NOT  Prohibit  Use  of  wafer  probe 


New  capital  equipment  required  by  fab 


Probe  contact  to  passivation 


Acceptable  probe  pad  damage 


Wafer/Die  Probe  Rules  Subtotal 


Wafer  Mount  and  Saw  Rules 


Wafer  Mount  &  Saw  Rules  Subtotal 


Test  &  Bum  In  -  General  Rules 


BIST  Capable 


Basic  function  test 


simulation/connection 


Wafer  probing  OK 


NO  new  equipment  req'd 


NO  probe  contact 


per  Mil  spec  2010.6 


Impact  on  current  practices 

I  NO  change  to  practices 

Y 

Accuracy  required  for  edge  placement  of  di 

i  Does  NOT  require  +/-  0.5  mils 

_ N _ l 

Supplier: 

California  Contacts 

Method: !  Micro  Beam  sockets 

TAG  Requirements 

Specification 

Meets  TAG 7  Weight  !  Score 

1033323 


tibte  w/  bandwidth 


Backside  electrical  connection 


Pin  1 1dentifier  provided 


Contact  passivaion  wells  up  to  1 .5  pm 


Contact  passivaion  wells  up  to  8.0  pm 


Test  &  Bum  In  -  General  Rules  Subtotal 

i 

Low  I/O  Test  Rules 


Carrier  Operation  Temperature 


Contact  Resistance 


Min.  Clock  Freq 


Pad  contact  (Peripheral,  array,  both) 


Pad  metallization  accepted(AI,Au, Solder)  ALL 


Min.  pitch 


Min.  pad  dimension 


Char.  Impedance 


Bandwidth 


Power  handling  capacity 


Min.  number  of  touchdowns  /  die 


Low  I/O  Test  Rules  Subtotal 


High  I/O  Test  Rules 


Carrier  Operation  Temperature 


Contact  Resistance 


Min.  Clock  Freq 


200pm 


500 ±10% 


500  MHz 


3W/cm2 


Pad  contact  (Peripheral,  array,  both) 

Both 

Pad  metallization  accepted(AI,Au, Solder) 

ALL 

Min.  pitch 

150pm 

Min.  pad  dimension 

75  pm 

Char.  Impedance 

500  ±10% 

Bandwidth 

500  MHz 

Power  handling  capacity 

10W/cm2 

Min.  number  of  touchdowns  /  die 

2 

High  I/O  Test  Rules  Subtotal 


Bum  In  Rules 

Die  Temperature  max 

175°C 

Ambient  temperature  max 

150°C 

Contact  Resistance 

S  0.5  (2 

Min.  Clock  Freq. 

20  MHz 

Pad  contact  (Peripheral,  array,  both) 

Both 

Pad  metallization  accepted(AI,Au, Solder) 

ALL 

Min.  pitch 

200pm 

Min.  pad  dimension 

100  pm 

Power  handling  capacity 


Min.  number  of  touchdowns  /  die 

2 

Bum  In  Rules  Subtotal 

Pack  &  Ship  Rules 


per  JEOEC  KGD  specification 


[3  W/cm2  -  10W/cm2 


Inspection 

|  Allow 

opt 

icai  inspection  of  device 

YES 

Y 

Fresh  Quest 


FRESH  QUEST  CORPORATION 

Quest  Chip  Carrier  (QC2)  and  Probe  Card 


General  Information 

Fresh  Quest  has  proposed  two  approaches  to  the 
KGD  problem;  the  first  is  a  carrier  approach  called  the 
Quest  Chip  Carrier  (QC2),  the  second  is  a  probe  card  with 
controlled  impedance  and  high  operating  temperature. 
This  document  describes  the  carrier  approach. 

The  Quest  Chip  Carrier  (QC2)  is  a  member  of  a 
family  of  products  based  on  the  “Photolithographic 
Pattern  Plated  Probe”  (P4)  technology  developed  by 
Fresh  Quest  Corporation.  This  is  a  temporary  carrier 
approach,  using  a  thin  film  membrane  and  the  P4 
contactor  to  make  a  scrubbing  contact  to  the  die  (Figure 
16).  Alignment  is  currently  using  a  manual  optical 
system,  with  plans  for  a  mechanical  alignment  system. 
Thermal  management  is  provided  by  a  chip  support  plate 
which  serves  as  a  heat  spreader.  Fresh  Quest  is  now  alpha 
testing  the  QC2  carriers  in  cooperation  with  a  chip 
supplier. 

Technical  Description 


The  Quest  Chip  Carrier  (QC2)  uses  a  proprietary 
interconnect  and  die  contact  mechanism.  The  carrier  may 


be  used  for  bum-in  and  test  of  die  with  peripheral  bond 
pads  and  pitches  of  5  mil  or  greater.  Pitch  capabilities  of  4 
mil  are  targeted  for  1994.  The  earner  itself  consists  of  a 
die  contact  assembly,  a  carrier  assembly,  a  chip  support 
plate,  and  a  spaing  clip  which  holds  the  assembly  together 
and  applies  contact  force.  Alignment  may  be  done  with  a 
machined  alignment  plate,  which  requires  precision  sawn 
die,  or  with  a  machine  vision  system.  The  die  assembly  is 
burned-in  and  tested  using  existing  equipment.  Disassem¬ 
bly  simply  involves  removal  of  the  spring  clip.  Damage 
to  die  bond  pads  is  expected  to  be  minor  and  probably  the 
number  of  uses  will  be  moderate  to  high. 

Readiness  Level 
Readiness  Category: 

The  Fresh  Quest  carrier  is  in  alpha  test  In  addition  to 
internal  evaluation  of  this  product  by  Fresh  Quest, 
National  Semiconductor  and  NEC  are  providing  beta  test 
evaluation  of  the  die  carrier  technology.  Sample  parts  in 
small  quantities  will  be  shipped  to  National  and  NEC  in 
Q4'93.  Following  the  evaluation  and  characterization  of 
these  carriers,  each  plans  to  use  these  carriers  to  produce 
small  quantities  of  known  good  die  in  pilot  production. 

Equipment  status: 

In  cooperation  with  (me  pilot  customer.  Fresh  Quest 
is  evaluating  a  semi-automatic  die  load/unload  worksta¬ 
tion  prototype  which  may  be  the  basis  for  providing  a 
turnkey  automation  solution  for  KGD  production. 

Process  status: 

Several  versions  of  Fresh  Quest  probe  cards  have 
been  produced  for  and  tested  by  National  Semiconductor, 
the  primary  beta  test  site  for  the  probe  card  technology. 
Present  development  activities  include  technology 
refinement,  testing,  and  characterization  of  the  QC2  die 
carrier.  Specialized  fixtures  for  building,  loading,  and 
testing  carriers  are  being  developed,  in  addition  to  probe 
cards. 

Capacity  issues: 

Fresh  Quest  moved  into  a  new  21,000  square  foot 
facility  in  November  1993.  This  facility  contains  appro¬ 
priate  equipment  and  facilities  for  the  design  and  produc- 
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Fresh  Quest 


tion  of  probe  cards  and  die  carriers.  This  facility  will 
provide  capacity  for  initial  production  and  ongoing  R&D 
activities. 

Qualification  issues: 

Product  testing  and  qualification  is  underway  in 
conjunction  with  beta  test  sites. 

Alignment  Method 

A  machined  alignment  plate  or  machine  vision 
system  is  used. 

Contact  Mechanism 

Proprietary  contact  assembly,  uses  scrubbing  to 
penetrate  oxide. 

Key  Features 

Proprietary  die  pad  contact  mechanism  is  used  in 
combination  with  flex  circuit. 

Noncompuance  with  Technology  Assessment 
Guidelines 

The  current  approach  calls  for  mechanical  alignment 
of  the  die  which  will  require  a  ^rh  precision  wafer  saw 
process. 

The  Fresh  Quest  technology  was  not  penalized  for 
die  size,  although  there  are  some  concerns  as  to  how  very 
small  die  might  be  handled  and  aligned.  (TAG  guidelines 
say  that  the  technology  will  accommodate  50  mil  die). 

Process  Flow  (mechanical  align) 

1.0  Begin  with  sawn  wafers  on  tape. 

2.0  Vacuum  pick  up  of  chip. 

3.0  Chip  inversion. 

4.0  Chip  loaded  into  carrier  using  precision  alignment 
plate. 

5.0  Chip  Support  plate  installation. 

6.0  Bum-in. 

7.0  Test 

8.0  Load  carrier  assembly  into  unload  fixture. 

9.0  Draw  vacuum  and  remove  spring  clip. 

10.0  Remove  chip  carrier  sub  assembly,  leaving  chip  on 
support  plate. 


11.0  Visual  inspection  of  chip. 

12.0  Chip  loaded  into  shipping  container. 

Process  flow  (optical  align) 

1.0  Begin  with  sawn  wafers  on  tape. 

2.0  Vacuum  pick  up  of  chip. 

3.0  Chip  placed  on  chip  support  plate. 

4.0  Chip  aligned  to  canier/contact  sub  assembly. 

5.0  Spring  clip  aligned  and  assembled  with  chip 
carrier. 

6.0  Bum-in. 

7.0  Test 

8.0  Load  carrier  assembly  into  unload  fixture 
9.0  Draw  vacuum  and  remove  spring  clip 

10.0  Remove  chip  carrier  sub  assembly,  leaving  chip  chi 
support  plate 

11.0  Visual  inspection  of  chip 

12.0  Chip  loaded  into  snipping  container 

Advantages 

•  Scrubbing  action  may  enhance  contact  reliability. 

•  Better  than  average  compliance  for  reliable  contact 
to  nonplanar  die. 

•  Quick  mechanical  align  possible  for  precision  sawn 
die. 

Disadvantages 

•  Currently  no  methodology  for  maintaining  die 
placement  during  assembly  if  alignment  must  be 
made  using  vision  (rather  than  mechanical)  system. 

•  See  also  Noncompuance  with  Technology  Assess¬ 
ment  Guidelines 

Concerns 

•  Scrubbing  action  over  temperature  excursions  may 
introduce  unacceptable  amounts  of  pad  damage  for 
final  assembly  app’ 

•  Frequency  and  meth  .  cleaning  contacts  is 
unknown. 

•  Technology  may  be  pitch  limited. 
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Equipment  Required 


Item 

Cost 

Throughput 

Assembler/ 

Disassembler 

$170K 

2K/hr 

Pick  &  place  system 

$150K 

2K/hr 

Supplier  Business  Information 

•  Fresh  Quest  Corporation 
531  E.  Elliot  Rd.,  Suite  120 
Chandler,  AZ  85225-1118 
(602)  497-4200 


if 


Equipment  Description  for  Automated  Process 

The  fully  automated  die  load  and  unload  station  is 
based  on  a  robotic  work  cell  initially  designed  for  accu¬ 
rate  placement  of  die  in  MCMs.  A  reversible  chip 
transport  tray  is  used  to  present  the  back  side  of  die  prior 
to  component  acquisition.  Tandem  upward-facing  and 
downward-facing  cameras  coupled  with  pattern  recogni¬ 
tion  capabilities  are  used  to  automatically  align  flipped 
die  with  the  die  carriers  within  necessary  tolerances. 
Carrier  assembly  (clipping  the  die  support  plate  against 
the  back  side  of  the  die)  is  performed  as  a  second  opera¬ 
tion  within  the  same  work  cell.  This  work  cell  accommo¬ 
dates  both  die  load  and  unload  processes. 


Cost 


Cost  Factor 

Comment 

Cost 

Wafer  Processing 

$ 

Materials  Cost/Use 

$ 

Assembly, 

Disassembly 

$ 

_ i 

MCC  Cost  Judgement 

Comments 

Fresh  Quest  is  working  on  both  a  mechanical  align¬ 
ment  and  a  machine  vision  alignment  system  at  the  same 
time. 


•  Primary  Business:  IC  test  fixtures 

•  Total  Employees:  70  including  Fresh  Test 

•  1992  Sales:  Currently  funded  by  Fresh  Test 

Contact 

H.  Dan  Higgins 
PHONE:  (602)497-4200 
FAX:  (602)  497-4220 
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Supplier:! 

Fresh  Quest 

Method: 

Q GT2 

TAG  Requirements  i 

Specification 

Meets  TAG? 

Weight 

Score 

Rules 

Bipolar 


CMOS 


BICMOS 


Si  On  Insulator 


GaAs 


Hal 


Mixed 


Memories 


MPUs 


DSPs 


c 


Gate  Arrays 


ASICs 


Peripheral  bond  pads 


Array  pads 


Bumped  die 


Wafer/Dle  Size  Rules 


Size 


max,  aspect  ratio 


min.  size  tolerance 


die  thickness 


min.  thickness  tolerance 


Wafer/Die  Size  Rules  Subtotal 


Interconnect  Rules 


Planarity;  Pad  to  pad  height  variation 


1C  Pad  plana 


Metallurgy  accepted 


Accept 


Accept 


Accept 


!  Accept 


j  Accept 


Accept 


Accept 


Accept 


Accept 


I  Accept 


Accept 


Accept 


1  Accept 


Accept 


Accept 


Accept 


I  Accept 


ype 

Rules  Subtotal! 

! 

2.5K-500K  mil2 


3  to  1 


10.5  mils  or  larger 


10  -  30  mils 


±1 .0  mils 


Chan 

ges  req 

uired 

NO  change  in  quality/reliabili 

Interconnect  Rules  Subtotal 


Device  Design  Rules  _ 


Change  or  impact  required  _ 


Wafer  Fabrication  Rules 


or  Impact  Required 


Wafer  probing  OK 


1  NO  new  equipment  req'd 


NO  probe  contact 


per  Mil  spec  2010.6 


WafSr  /  Die  Probe  Rules 


Does  NOT  Prohibit  Use  of  wafer  probe 


New  capital  equipment  required  by  fab 


Probe  contact  to  passivation 


probe  pad  dama 


Wafer/Die  Probe  Rules  Subtotal 


Wafer  Mount  and  Saw  Rules  ! 


on  current  practices _ NO  change  to  practices 


Accuracy  required  for  edge  placement  of  d|  Does  NOT  require  +/-  0.5 


Wafer  Mount  &  Saw  Rules  Subtotal 


Test  &  Bum  In  -  General  Rules 


BIST  Capable  YES 


Basic  function  test  I  YES 


simulation/connection  I  YES 
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CMl  CMl  OlCMl  r-\  |  CM  I  I  CM  I  CM  I  CMl  O)  [  I  CM  I  CM  I  CM  I  CO  I  O)  j  Tcol  JCOl  I  CO  I  CM 


Supplier:  i 

Fresh  Quest 

Method: 

QC/2 

Ope 

ration  Temperature  j 

0-125°C  I 

1 

TAG  Requirements 


Rc  compatible  w/  bandwidth 


Backside  electrical  connection 


Pin  1 1dentifier  provided 


Contact  passivaion  wells  up  to  1.5 


Contact  passivaion  wells  up  to  8.0  pm 


Test  &  Bum  In  -  General  Rules  Subtotal 


Low  VO  Test  Rules 


Carrier 


Contact  Resistance 


Min.  Clock  Freq 


Pad  contact  (Peripheral,  array,  both) 


Pad  metallization  accepted(Al,Au, Solder) 


Min.  pitch 


Min.  pad  dimension 


Char.  Impedance 


Bandwidth 


Power  handling  capacity 


Min.  number  of  touchdowns  /  die 


Low  I/O  Test  Rules  Subtotal 


High  VO  Test  Rules 


Carrier  Operation  Temperature 


Contact  Resistance 


Min.  Clock  Freq 


Pad  contact  (Peripheral,  array,  both) 


Pad  metallization  accepted(AI,Au, Solder) 


Min.  pitch 


Min.  pad  dimension 


Char.  Impedance 


Bandwidth 


Power  handling  capa 


Min.  number  of  touchdowns  /  die 


High  I/O  Test  Rules  Subtotal 


Bum  In  Rules 


Die  Temperature  max 


Ambient  temperature  max 


Contact  Resistance 


Min.  Clock  Freq. 


Pad  contact  (Peripheral,  array,  both) 


Pad  metallization  accepted(A! ,Au, Solder) 


Min.  pitch 


Min.  pad  dimension 


Power  handling  capacity  _ 


Min.  number  of  touchdowns  /  die 


Bum  In  Rules  Subtotal 


Pack  &  Ship  Rules 


per  JEDEC  KGD  specification  _ 


Specification 


YES 


YES 


YES 


YES 


YES 


eete  TAG?  Weight 


\  Score 


TOTAL  SCORE 


IBM  (Dendrites) 


IBM 

Dendrite  Carrier 


General  Information 

A  second  generation,  carrier-based  approach  to  C4 
flip  chip  KGD  is  now  being  qualified  by  IBM.  This 
approach  uses  ceramic  carriers  with  palladium  dendritic 
structures  for  making  contact  to  the  C4  solder  bumps,  in 
conjunction  with  a  unique  clamp  top/heat  sink  subassem¬ 
bly  to  hold  the  die  in  place  for  test  and  bum-in.  Contact  is 
made  by  die  piercing  action  of  the  dendrites  into  the 
solder  balls,  and  alignment  may  be  either  mechanical  or 
optical.  Thermal  management  is  integral  to  the  clamp  top 
subassembly.  IBM  is  currently  beginning  the  initial 
qualification  stages  with  this  product 

Technical  Description 

The  IBM  dendrite  carrier  is  a  mechanical  intercon¬ 
nection  system  using  dendritic  structures  on  the  die 
carrier  and  a  unique  clamping  methodology  (Figure  17). 
The  initial  qualification  will  cover  die  up  to  13mm  x 
13mm,  with  up  to  2000  total  C4  soldo:  bumps.  The 
carriers  are  ceramic  pin  grid  array  (PGA)  carriers  ranging 
from  24mm  x  24mm  to  50mm  x  50mm  and  are  compat¬ 
ible  with  existing  test  and  bum-in  equipment  to  address 
the  compatibility  requirements  associated  with  those 
process  steps. 

The  ceramic  carriers  are  processed  through  a  series  of 
plating  steps  which  result  in  the  creation  of  a  palladium 
dendritic  structure  on  the  contact  pads  of  the  carrier.  The 
die  are  supplied  with  C4  solder  bumps  and  are  aligned 
and  placed  on  the  carrier  so  that  the  C4  solder  bumps 
contact  the  dendritic  “fingers”  on  the  carrier.  A  slight 
pressure  is  applied  to  the  back  of  the  die  to  lightly  embed 
the  fingers  into  the  solder  bumps.  The  clamp  top  subas¬ 
sembly  is  than  placed  and  locked  into  the  base  carrier 
assembly.  The  force  required  to  place  the  C4  bumps  into 
intimate  electrical  contact  with  the  dendritic  fingers  is 
supplied  by  applying  a  given  torque  to  the  center  screw  in 
the  clamp  top  subassembly  which  transfers  a  vertical 
force  to  the  backside  of  the  die.  A  gimbal  design  within 
the  top  subassembly  insures  that  the  clamp  is  planar  with 
the  backside  of  the  die  prior  to  the  compression  step.  A 
spring  in  the  gimbal  design  insures  that  the  contact  is 
maintained  throughout  the  bum-in  and  test  procedures. 
This  assembly  is  then  subjected  to  bum-in  and  test,  and 


Figure  17.  IBM  Dendrite  Carrier 


the  carriers  are  then  disassembled  by  reversing  the  torque 
of  the  screw  in  the  clamp  top,  the  clamp  top  removed,  and 
the  die  is  extracted  from  the  carrier.  The  die  is  then 
reflowed  to  reshape  the  solder  balls  and  then  visually 
inspected.  The  number  of  uses  per  carrier  is  expected  to 
be  moderate  with  no  rework  and  high  with  rework.  The 
carrier  requires  only  an  IPA  wash  in-between  uses. 

Readiness  Level 
Readiness  Category: 

The  IBM  dendrite  approach  is  in  alpha  test  This 
product  has  passed  feasibility  testing,  and  initial  qualifica¬ 
tion  testing  is  due  to  begin  immediately. 

Equipment  Status: 

Equipment  for  producing  and  plating  the  carriers  is  in 
place  at  IBM.  A  chip  placement  system  for  automated 
alignment  and  placement  of  the  die  into  the  carrier  and 
subsequent  clamp  top  placement  and  assembly  is  not  yet 
available.  This  operation  may  currently  be  performed 
manually,  with  an  optical  microscope  station  for  manual 
alignment,  or  using  mechanical  alignment  methods. 

Process  Status: 

The  carrier  dendrite  plating  process  is  proprietary  to 
IBM,  and  is  fully  developed.  The  die  to  carrier  assembly 
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process  is  also  fully  developed,  although  there  is  no 
automatic  assembly  equipment  currently  available. 

Capacity  Issues: 

Production  capability  for  dendrite  plated  ceramic 
carriers,  for  the  purposes  of  KGD  production,  are  virtu¬ 
ally  unlimited. 

Qualification  Issues: 

IBM  is  currently  in  the  initial  stages  of  product 
qualification  for  this  KGD  method. 

Alignment  Method 

Alignment  of  the  die  to  earner  may  use  either  a 
mechanical  or  optical  system. 

Contact  Mechanism 

Plated  dendrites  on  the  carrier  contacts  are  mechani¬ 
cally  held  in  contact  with  the  C4  solder  balls  of  the  die, 
with  the  dendrites  penetrating  the  surface  of  the  solder. 

Key  Features 

Proprietary  dendrites  provide  good  contact  to  C4,  or 
other  solder  bumps,  with  much  higher  number  of  uses  per 
carrier  than  with  IBM  R3. 

Noncompuance  with  Technology  Assessment 
Guidelines 

The  IBM  dendrite  technology  is  limited  to  use  with 
die  which  have  solder  bumped  bond  pads. 

•  Dendrite  process  not  defined  for  use  with  A1  or  Au 
pads. 

•  Additional  wafer  processing  required  (solder- 
bumping). 

•  Cannot  accommodate  incoming  Au  bumped  die: 
Dendrite  process  not  defined  for  use  with  Au 
bumps;  C4-bumping  process  requires  aluminum 
pads  as  initial  surface. 

Process  Flow  Description 

1.0  Begin  with  singulated  C4  bumped  die. 

Most  IC  fabrication  facilities  are  not  equipped  to 
provide  solder  bump  processing  on  their  products.  IBM 
is  equipped  and  accustomed  to  performing  this  task.  This 


implies  that  the  die  be  provided  to  IBM  in  wafer  format 
Contact  IBM  for  details. 

2.0  Incoming  visual  sample  inspection. 

3.0  C4  die  placement  on  bum-in  carrier. 

3.1  Mechanically  or  visually  orient  die  on  carrier.  * 

3.2  Apply  slight  force  to  backside  of  die  to  seat  C4 
on  dendritic  fingers. 

4.0  Assembly  of  clamp  top.  > 

4. 1  Place  clamp  top  subassembly  in  clamp  base 
subassembly. 

4.2  Lock  top  subassembly  into  base  subassembly. 

4.3  Apply  required  vertical  force  to  backside  of  die 
by  applying  torque  to  top  subassembly  center 
screw. 

S.O  Place  carriers  into  bum-in  board  sockets,  place  in 
oven(s)  and  perform  bum-in. 

6.0  Remove  carriers  from  bum-in  board  sockets,  place 
into  testa-  socket  &  test 

7.0  Remove  clamp  top  subassembly. 

7.1  Release  vertical  force  on  die  by  reversing  torque 
of  top  subassembly  center  screw. 

7.2  Unlock  top  subassembly  from  base  subassembly. 

7.3  Vertically  lift  top  subassembly  away  from  base 
subassembly. 

8.0  Remove  die  from  carrier  using  proprietary  removal 
tool 

9.0  Die  bond  pad  reflow. 

10.0  Outgoing  visual  sample  inspection. 

1 1 .0  Load  die  into  package  for  delivery  to  customer. 

Advantages 

•  Piercing  action  may  enhance  contact  reliability. 

•  Die  held  in  place  by  carrier  contacts  during  align  and 
clamp. 

* 

•  Clamp  top  subassembly  has  an  integral  heatsink. 

•  Clean  of  dendrites  between  uses  is  accomplished  with 
a  simple  wash. 

-r 

Disadvantages 

•  See  Noncompliance  with  Technology  Assessment 
Guidelines. 
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Concerns  Comments 


•  Selection  of  this  technology  means  that  wafers  must 
be  solder  bumped  which  limits  final  assembly 
options.  Defects  also  may  be  introduced.  If  preferred 
final  assembly  requires  solder  bumps  (e.g.,  C4),  then 
the  cost  of  wafer  bumping  is  value  added. 


Equipment  Required 


Item 

Cost 

Throughput 

Chip  placement  system 

Gamp  assembly/ 
disassembly  system 

C4  Solder  reflow  system 

Flux  removal  system 
(unless  an  H2  reflow  is  used) 

Equipment  Description  for  Automated  Process 

The  die  placement  system  would  use  either  a  me¬ 
chanical  or  a  vision  based  system  for  alignment  of  the  die 
to  carrier  within  the  needed  tolerance.  Vertical  force 
sensing  and  control  for  die  handling  would  be  required. 
The  carrier  assembler  would  insert  the  clamp  top  subas¬ 
sembly  into  the  base  subassembly,  lock  the  top  subassem¬ 
bly  into  place,  and  apply  the  required  torque  to  the  top 
center  screw.  The  disassembler  would  reverse  the  torque 
process,  unlock  the  top  subassembly,  remove  the  top 
subassembly  from  the  base  subassembly,  and  the  die 
removal  tool  would  remove  the  die  from  the  carrier, 
placing  it  into  the  reflow  carrier.  The  die  could  be 
reflowed  in  nitrogen,  necessitating  a  flux  application 
system,  or  reflowed  in  hydrogen  without  flux. 


Cost 


Cost  Factor 

Comment 

Cost 

Wafer  Processing 

Solder  bumps 

$$ 

Materials  Cost/Use 

$ 

Assembly, 

Disassembly 

$ 

MCC  Cost  Judgement 

Supplier  Business  Information 

•  International  Business  Machines  Corporation 
Old  Orchard  Road 
Armonk,  NY  10504 
(914)765-1900 

•  Primary  Business:  Electronics,  Computers 

•  Total  Employees:  300,000 

•  1992  Sales:  S64.6B 

Contacts 

Technical  questions:  Gary  Hill 
Dept.  N39,  Bldg.  962-2 
1000  River  Road 
Essex  Junction,  VT  05452-4299 
PHONE:  (802)769-3449 
FAX:  (802)769-1249 


Licensing:  Mike  Krueger 
Dept  N80,  Bldg.  962-1 
IBM  Corporation 
1000  River  Road 
Essex  Junction,  VT  05452-4299 
PHONE:  (802)769-3356 

OEM  Services:  DonSwietek 
Dept  585,  Zip  92E  1580 
IBM  Corporation 
Route  52 

Hopewell  Junction,  NY  12533 
PHONE:  (914)892-5583 
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Supplier:' 

IBM  !  Method: (Dendrites  ! 

TAG  Requirements 

Specification  i  Meets  TAG?  Weight 

Score 

Bipolar 

Accept 

CMOS 

Accept  > 

BICMOS 

Accept  i 

Si  On  Insulator 

Accept  j 

GaAs  i 

Accept  | 

Mixed 


Memories 


MPUs 


DSPs 


Gate  Arra 


ASICs 


!  Accept 


i  Accept 


Accept 


{Accept 


(Accept 


- - ! 

Accept 

> 

Accept 

> 

Accept 


(Accept 


Peripheral  bond  pads 

Accept 

1 

Array  pads 

Accept 

> 

Bumped  die 


Device  T 


Wafer/Die  Size  Rules 


Size 


max  aspect  ratio 


min.  size  tolerance 


die  thickness 


(Accept 


Rules  Subtotal! 


2.5K-500K  mi!2 


3  to  1 


±0.5  mils  or  I 


10 -30  mils 


r 

2  1 

2 

1  1 

1 

2 

2 

min.  thickness  tolerance 

±1.0  mils 

Wafer/Die  Size  Rules  Subtotal 

Interconnect  Rules 


:  Pad  to  pad  height  variation 


1C  Pad  planarity 


Metallurgy  accepted 


Metallurgy  Changes  required 


(up  to  I.Oum  variation 


NO  planarity  degradation  of  die 


Al,  Au,  Solder  _ 


I  NO  change  in  quality/retiabili' 


Interconnect  Rules  Subtotal 

Device  Design  Rules 

or  impact  required 


Wafer  Fabrication  Rules 


or  Impact  Required 


NO  chan 


I  NO  chan 


Wafer/  Die  Probe  Rules 


Does  NOT  Prohibit  Use  of  wafer  probe 


New  capital  equipment  required  by  fab 


Probe  contact  to  passivation 


Acceptable  probe  pad  dama 


Wafer/Die  Probe  Rules  Subtotal 


Wafer  Mount  and  Saw  Rules 


Wafer  probing  OK 


NO  new  equipment  req'd 


NO  probe  contact 

per  Mil  spec  2010.6 

Impact  on  current  practices 

NO  change  to  practices 

!  1 

i 

Accuracy  required  for  edge  placement  of  di 

Does  NOT  require  +/-  0.5  mils 

' 

Wafer  Mount  &  Saw  Rules  Subtotal 


Test  &  Bum  In  •  General  Rules 


BIST  Capable 


Basic  function  test 


simulation/connection 


TAG  Requirements 


Rc  compatible  w/  bandwidth 


Backside  electrical  connection 


Pin  1 1dentifier  provided 


Contact  passivaion  wells  up  to  1 .5  pm 


Contact  passivaion  wells  up  to  8.0  pm 


Test  &  Bum  In  -  General  Rules  Subtotal 


Low  VO  Test  Rules 


Supplier:!iBM 


Specification 


YES 


n  lYES 


YES 


0  1.5  pm  YES 


o  8.0  pm  [YES 


Method:  Dendrites 


j  Meets  TAG?  Weight 


3 


i  Score 


Carrier  Operation  Temperature 

|0-125°C 

Y 

3  ! 

3 

Contact  Resistance 

£0.5  0 

Y 

3 

3 

Min.  Clock  Freq 

!  100  MHz  1 

Y 

2 

2 

Pad  contact  (Peripheral,  array,  both)  l  Both 


Pad  metallization  accepted(AI,Au, Solder)  ALL 


Min.  pitch 

200pm  ' 

Min.  pad  dimension 

100  urn  }  > 

Char.  Impedance 

500  .10%  ' 

Bandwidth 

500  MHz  ' 

Power  handling  capacity 

3W/cm2  ' 

Min.  number  of  touchdowns  /  die 

2 

Low  I/O  Test  Rules  Subtotal! 


I/O  Test  Rules 


Carrier  Operation  Temperature 

0-125°C  ! 

Contact  Resistance 

|£0.5Q 

Min.  Clock  Freq 

1100  MHz  ' 

Pad  contact  (Peripheral,  array,  both)  [  Both 


Pad  metallization  accepted(AI,Au, Solder)  ALL 


Min.  pitch  !  150pm 


Min.  pad  dimension 


Char.  Impedance  1 500  ±1 0% 


Bandwidth 


Power  handling  capacity  _  _ ]10W/cm2 


Min.  number  of  touchdowns  /  die  1 2 


High  I/O  Test  Rules  Subtotal! 


Bum  In  Rules  I 


Die  Temperature  max  1 1 75°C 


Contact  Resistance  £  0.5  Si 


Min.  Clock  Freq.  i20  MH; 


Pad  contact  (Peripheral,  array,  both)  !  Both 


Pad  metallization  accepted(AI,Au,Solder)  ALL 


Min.  pitch  200pm 


Min.  pad  dimension  1 00  prr 


Power  handling  capacity  _ 3  W/cn 


Min.  number  of  touchdowns  /  die  12 


75  pm 


500  MHz 


Ambient  temperature  max  i  1 50°C 


£  0.5  Si 


20  MHz 


Both 


200pm 


100  pm 


!3  W/cm2  -  10W/cm2 


Bum  In  Rules  Subtotal 

Pack  &  Ship  Rules 

per  JEDEC  KGD  specification 


MICROELECTRONICS  AND  COMPUTER 
TECHNOLOGY  CORPORATION 
TAB  Based  KGD  Carrier 


General  Information 

The  Microelectronics  and  Computer  Technology 
Corporation  (MCC)  has  developed  a  known  good  die 
technology.  The  technology  was  developed  within  a 
separate  project,  independent  of  the  KGD  project  and  is 
being  transferred  to  participant  companies.  This  approach 
is  based  on  the  use  of  TAB  tape  frames  with  additional 
plated  metallurgy  at  the  inner  lead  bond  sites  to  form 
temporary  carriers.  An  adaptation  of  a  regular  TAB  slide 
frame  carrier  is  used  to  hold  the  tape  and  die,  with  a 
clamshell  fixture  providing  normal  force  through  a 
clamping  action  (Figure  18).  The  contact  mechanism  is  a 
temporary  scrubbing  contact,  and  alignment  is  performed 
by  a  standard  flip  chip  aligner/bonder.  Thermal  manage¬ 
ment  is  provided  by  the  clamshell  spring  clip  which  acts 
as  a  heat  spreader.  This  technology  is  currently  being 
transferred  to  participant  sites,  and  is  considered  to  be 
under  development 

Technical  Description 

MCC  Flip  Chip  Technology  Development  Project 
required  high  speed  test  and  dynamic  bum-in  of  a  single 
bare  die.  In  response  to  this  need,  a  technology  was 
developed  (independent  of  MCC  Known  Good  Die 
projects)  which  allows  for  bum-in  and  test  of  die  with 
peripheral  bond  pads. 


The  approach  adapts  a  TAB  tape  frame  to  provide  an 
“interposer'’  contacting  mechanism  which  is  usable  with 
JEDEC  standard  TAB  slide  carriers  and  sockets.  The 
adaptation  involves  plating  the  tape  with  metals  which 
will  not  have  undesirable  interactions  with  the  chip  bond 
pads  during  bum-in  and  bending  the  inner  leads  upward. 
The  bent  leads  are  embedded  in  silicone  elastomer,  which 
holds  the  tape  in  the  bottom  half  of  a  “clamshell”  struc¬ 
ture  and  provides  a  spring  action,  compliance,  and 
scrubbing  under  z-axis  deflection.  The  carrier  includes  a 
pedestal  against  which  the  die  is  pressed;  this  controls  the 
amount  of  z-axis  deflection.  The  top  of  the  carrier  is 
snapped  into  place,  and  the  die  assembly  is  handled  as  a 
chip  on  tape  for  test  and  bum-in. 

No  degradation  in  carrier  materials  was  noted  after 
five  bum-in  cycles  (168  hrs/150°C);  it  is  likely  that  the 
average  number  of  uses  per  carrier  be  at  least  10.  Chips 
have  been  shown  to  be  wire  bondable  even  after  bum-in 
in  a  noninert  atmosphere.  Wire  pull  strengths  were 
identical  to  chips  which  had  not  been  bumed-in. 

Readiness  Levee 
Readiness  Category: 

This  technology  is  currently  in  development 


TAB  Slide  Carrier  (TOP)  Spring  Clip 


Hole  in  spring  clip  for  bonder  h^  ’d 
access  and  supplementary  cor 

pressure  or  thermal  management 


V/J///A  f  TZmZZZTZ 


TAB  tape  ILB  Fingers, 
bentup  at  45  degrees 


TAB  Slide  Carrier  7 


(Bottom) 


(Potyimide) 


Thermal  grease  (if  needed) 
Silicone  Adhesive  bead  provides  spring  action 


Backing  Plate  (plastic  for  low  power,  AJ  for  high  power) 
with  pedestal  to  control  chip  ‘overdrive*  against  contacts 


Figure  18.  MCC  Clamshell  KGD  Carrier 


MCC 


Equipment  Status: 

This  KGD  method  requires  a  standard  flip  chip 
aligner/bonder  and  common  TAB  handling  equipment. 
No  automatic  disassembler  equipment  exists. 

Process  Status: 

No  wafer  processing  is  required,  and  the  carrier 
assembly/disassembly  is  a  manual  operation.  Fabrication 
of  the  carriers  involves  additional  plating  steps  on 
standard  TAB  tape,  depositing  a  silicon  elastomer  bead, 
and  machining  the  clamshell  structure.  These  processes 
have  been  developed  and  demonstrated. 

Capacity  Issues: 

This  technology  is  currently  being  developed  at  two 
sites,  but  no  production  capacity  is  in  place  yet.  MCC  is 
capable  of  prototype  quantities  only. 

Qualification  Issues: 


Alignment  Method 

Alignment  is  currently  manual  optical,  but  may  be 
mechanical  in  the  future. 

Contact  Mechanism 

Metallic  probe  fingers  provide  scrubbing  action. 
Key  Features 

Adaptation  of  TAB  tape  uses  JEDEC  standard  TAB 
slide  carriers  and  sockets. 

Noncompliance  with  Technology  Assessment 
Guidelines 

The  TAB  based  technology  is  limited  to  use  with  die 
which  have  peripheral  bond  pads. 

•  TAB  approach  means  that  die  with  area  array  pads 
cannot  be  bumed-in  or  tested 

•  Process  not  designed  to  convert  from  array  to 
peripheral  bond  pads. 


It  is  assumed  that  the  TAB  tape  will  be  single  level  and 

therefore  unable  to  achieve  50  ohm  controlled  impedance. 

Process  Flow  Description 

1 .0  Begin  with  die  on  wafer  tape  (sawn)  or  in  waffle  pack 
type  packaging. 

Assembly 

2.0  Place  die,  TAB  tape  test  and  bum-in  carrier,  and  top  of 
clamshell  in  iTo  chip  aligner/bonder  station. 

3.0  Align  die  I/O  to  socket  and  press  down  against  pedes¬ 
tal. 

4.0  Press  top  of  clamshell  down  onto  bottom  half. 

Disassembly 

5.0  “Declipping”  tool  opens  clamshell  and  presents  die  for 
removal. 

6.0  Use  vacuum  handler  to  remove  the  die  and  place  in 
delivery  packaging. 

Advantages 

•  Scrubbing  action  may  enhance  contact  reliability. 

•  Better  than  average  compliance  for  reliable  contact  to 
non-planar  die. 

•  Assembly  clamping  mechanism  is  integral  to  die 
alignment  and  placement  so  that  die  position  is 
maintained  during  assembly. 

•  Access  to  back  of  die  (75%  exposed)  may  facilitate 
thermal  management 

•  Uses  existing  TAB  tape  slide  carriers. 

•  No  clean  of  contacts  is  required. 

Disadvantages 

•  Relatively  low  number  of  uses  per  camer/intercon- 
necl 

•  Assembly/cycle  time  expected  to  be  lower  than 
average. 

•  See  also  Noncompuance  with  Technology  Assess¬ 
ment  Guidelines. 

Concerns 

•  Scrubbing  action  over  temperature  excursions  may 
introduce  unacceptable  amounts  of  pad  damage  for 
final  assembly  application. 


This  technology  has  been  extensively  investigated  at 
MCC,  using  both  a  216  lead  device  at  6  mil  pitch,  and 
one  328  lead  device  at  4  mil  pitch.  Contact  resistances  are 
approximately  20m£l  These  resistances  do  increase 
during  bum-in,  but  remain  below  the  100  limit,  and 
may  easily  be  recovered  by  rescrubbing.  Specific  qualifi¬ 
cation  plans  will  be  the  responsibility  of  vendor  sites. 
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MCC 


Equipment  Required 


Item 

Cost 

Throughput 

(cycles/hr) 

Flip  chip  aligner/bonder 

$250K(auto) 

$50K(manual) 

750  (auto) 

120  (manual) 

Declipping  fixture 

$5K 

>  1000/hr, 
limited  by 
handler 

Equipment  Description  for  Automated  Process 

The  flip  chip  aligner/bonder  system  would  require  a 
robot  with  four  degrees  of  freedom  and  a  custom  end 
effector.  The  system  would  require  a  vision  system  with 
pattern  recognition  capabilities  and  for  use  in  registering 
the  die  to  the  carrier  within  the  needed  tolerance.  Vertical 
force  sensing  and  control  for  die  handling  would  be 
required.  Chip  inversion  could  be  performed  by  using  a 
reversible  chip  transport  tray  which  could  be  flipped  to 
present  the  back  side  of  chip  prior  to  component  acquisi¬ 
tion.  If  chip  inversion  is  performed  after  component 
acquisition,  the  pick  and  place  system  must  have  two 
robot  arms.  One  robot  arm  must  acquire  and  rotate  die, 
while  the  other  arm  must  retrieve  the  die  from  the  back 
side. 


Cost 

The  costs  were  determined  by  the  MCC  Flip-chip 
project  participants.  Tape  tooling  is  S7.5K  -  $9K  and  8  to 
10  week  lead  time.  This  cost  includes  the  first  1000  tape 
sites.  “Clamshell”  tooling  cost  is  approximately  $5K, 
with  2  -  5  week  lead  times.  After  this  the  consumables 
cost  is  approximately  $2  to  $4  per  chip  (depending  on 
I/O)  at  low  volumes,  decreasing  towards  $1  per  chip  at 
high  volumes.  Each  TAB  tape-based  test  and  bum-in 
carrier  is  usable  for  four  test/bum-in  cycles. 


Cost  Factor 

Comment 

Cost 

Wafer  Processing 

$ 

Materials  Cost/Use 

Low  number  of  uses 

$$$ 

Assembly, 

Disassembly 

Assembly  method  and 
potential  damage 

$$$ 

MCC  Cost  Judgement 

Comments 

MCC  is  inserting  this  technology  into  production, 
with  one  chip  supplier  (Harris  Corporation)  and  one  chip 
user  (Hughes  Aircraft  Corporation)  evaluating  this 
technology  for  internal  use. 


Supplier  Business  Information 


Commercial  access  to  the  MCC  TAB  tape-based 

KGD  carrier  is  possible  in  two  ways: 

1.  Through  purchase  of  KGD  from  Harris  Semiconduc¬ 
tor,  who  is  a  licensee  and  user  of  the  MCC  KGD 
carrier  technology. 

2.  Through  a  single-client  service  contract  with  MCC 
wherein  MCC: 

—  designs  and  builds  the  carriers  for  the  customer 

—  inserts  the  devices  to  be  tested 

—  procures  appropriate  TAB  test/bum-in  sockets 

—  designs  and  procures  test  DUT  boards  and/or  bum-in 
load  boards  or  adapters 

—  subcontracts  test  and/or  bum-in  to  a  commercial  test 
house 

—  removes  the  devices  from  the  carriers 

—  delivers  both  "passed"  and  "failed"  devices  to  the 
customer  with  test  results  data. 


•  Microelectronics  and  Computer  Technology 
Corporation  (MCC) 

3500  West  Balcones  Center  Drive 
Austin,  TX  78759-6509 
(512)  343-0978 

•  Primary  Business:  Electronics  research 

•  Total  Employees:  317 

•  1992  Sales:  $44M 

Contact 
Rick  Nolan 

PHONE:  (512)250-3016 
FAX:  (512)  250-2893 
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Supplier: 

MCC  ; 

Method: 

TAB  Based  Carrier 

TAG  Requirements 

i  Specification 

Meets  TAG? 

Weight  1  Score 

Device  T 


BiPolar 


CMOS 


BICMOS 


Si  On  Insulator 


GaAs 


al 


Mixed 


Memories 


MPUs 


DSPs 


Gate  Arra 


ASICs 


Peripheral  bond  pads  f  / 


Array  pads 


Bumped  die  > 


Device  Type  Rules  Subtotal! 


Wafer/Die  Size  Rules 


Size  ll 


’max.  aspect  ratio  J 


min.  size  tolerance  d 


die  thickness 


min.  thickness  tolerance  d 


Wafer/Die  Size  Rules  Subtotal! 


Interconnect  Rules 


Planarity:  Pad  to  pad  height  variation  k 


1C  Pad  planarity  f 


Metallurgy  accepted  _ 


Metallurgy  Changes  required  _  f 


Interconnect  Rules  Subtotal; 


Device  Design  Rules  _ 


Change  or  impact  required 


Accept 


Accept 


[Accept 


i  Accept 


Accept 


Accept 


I  Accept 


!  Accept 


Accept 


[Accept 


[Accept 


[Accept 


[Accept 


Accept 


[Accept 


Accept 


Accept 


'  2 

2 

r 

3 

3 

r 

2 

2 

t  1 

1 

1 

f  1 

1 

!'■ 

1 

r  | 

2 

2 

f 

2 

2 

f 

2 

2 

f  ! 

2 

2 

r  < 

2 

2 

' 

2 

2 

f 

2 

2 

f 

2 

2 

NO  change 


Wafer  Fabrication  Rules 


e  or  Impact  Required 


Wafer  /  Die  Probe  Rules 


Does  NOT  Prohibit  Use  of  wafer  probe 


New  capital  equipment  required  by  fab 


Probe  contact  to  passivation 


Acceptable  probe  pad  dama 


m 


[NO  change 


|  Wafer  probing  OK 


[NO  new  equipment  req'd 


NO  probe  contact 


[per  Mil  spec  2010.6 


Wafer/Die  Probe  Rules  Subtotal 

Wafer  Mount  and  Saw  Rules 

2.5K-500K  mil2 


3  to  1 


±0.5  mils  or  la 


10  -30  mils 


±1.0  mils 


up  to  1 .0pm  variation 


NO  planarity  degradation  of  die 


Al,  Au,  Solder 


NO  change  in  quality/reliabili 


Impact  on  current  practices 


|  NO  change  to  practices 


Accuracy  required  for  edge  placement  of  dl  Does  NOT  require  +/-  0.5 


Wafer  Mount  &  Saw  Rules  Subtotal! 

Test  &  Bum  In  -  General  Rules 

j 

BIST  Capable 


Basic  function  test 


simulation/connection 
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evil  s- I  1  C\|  I  ’f—  I  CM  |  CM  I  CNJ  |  CJ>  [  j  CM  1  CM  I  CM  I  CO  I  O)  I  I  CO  I  I  CO  I  I  CO  I  CM  I  CO  I  CO  I  v- I  I  CM  I  CM 


Supplier:  jMCC 


TAG  Requirements  \  Specification 


Rc  compatible  w/  bandwidth  YES 


Backside  electrical  connection  YES 


Pin  1  Identifier  provided  !  YES 


Contact  passivaion  wells  up  to  1 .5  urn  !  YES 


Contact  passivaion  wells  up  to  8.0  pm  !  YES 


Test  &  Bum  In  -  General  Rules  Subtotal 


Low  I/O  Test  Rules 


Pad  contact  (Peripheral,  array,  both)  I  Both 


Pad  metallization  accepted(AI,Au, Solder)  ALL 


Min.  pitch  [200pm 


Min.  pad  dimension  [  1 00  pm 


Char.  Impedance  !  500  ±1 0% 


Low  I/O  Test  Rules  Subtotal  I 


High  I/O  Test  Rules 


ce 

500  ±10% 

N 

2 

Pad  contact  (Peripheral,  array,  both) 


Pad  metallization  accepted(AI,Au, Solder) 


Min.  pitch 


Min.  pad  dimension 


Char.  Im 


Bandwidth 


Power  handling  capa 


Min.  number  of  touchdowns  /  die 


High  I/O  Test  Rules  Subtotal 


Bum  In  Rules 


Die  Temperature  max 


Ambient  temperature  max 


Contact  Resistance 


Pad  contact  (Peripheral,  array,  both) 


Pad  metallization  accepted(AI,Au, Solder) 


Min.  pitch 


Min.  pad  dimension 


Power  handling  capa 


Min.  number  of  touchdowns  /  die 


Bum  In  Rules  Subtotal 


Pack  &  Ship  Rules 


per  JEDEC  KGD  specification 


75  pm 


Method:  TAB  Based  Carrier 


Meets  TAG?  Weight  Score 


3 


Carrier  Operation  Temperature 

0-1 25°C  |  Y 

Contact  Resistance 

S  0.5  O 

Y 

Min.  Clock  Freq 

100  MHz 

Y 

Bandwidth 

500  MHz 

> 

f 

2 

— 

2 

Power  handling  capacity 

3W/cm2 

> 

f 

2 

2 

Min.  number  of  touchdowns  /  die 

2 

> 

f 

3 

3 

Carrier  Operation  Temperature 

0-125°C 

> 

Contact  Resistance 

■s  o.5  a 

> 

Min.  Clock  Freq 

100  MHz 

> 

500  MHz 

1 

10W/cm2 

1 

2 

1 

Inspection 


ion  of  device 

[YES 

> 

MICRON  SEMICONDUCTOR,  INC. 

KGDpte™ 


Micron  Semiconductor,  Inc. 


General  Information 

Micron  is  currently  testing  their  second  generation 
KGD  technology,  known  as  KGD'’1",  which  will  enable 
production  of  higher  I/O  devices  with  a  higher  throughput 
and  lower  cost  per  die  than  their  Softool  technology. 
Micron  was  unwilling  to  share  specific  details  of  their 
technology  for  this  report  This  document  contains  the 
information  currently  available.  The  KGI>*“  system  plans 
are  for  a  temporary  carrier,  with  custom  contactor  assem¬ 
blies  to  make  contact  to  die  bond  pads.  The  nature  of  the 
contact  mechanism  is  unknown,  as  Micron  is  evaluating 
several  technologies  for  this  purpose.  Alignment  is  a 
manual  optical  operation,  with  plans  for  automation. 
Thermal  management  will  be  a  function  of  the  carrier. 
Micron  is  in  the  alpha  test  stage  with  this  technology,  with 
plans  for  introduction  of  low  pin  count  KGD  products  due 
in  1Q94. 

Technical  Description 

KGD*1"  is  based  on  a  family  of  reusable,  socketable, 
universal  carriers  which  address  the  requirements  of  low, 
medium,  and  high  pin  count  devices.  These  carriers  are 
adapted  for  each  part  type  using  a  contactor  assembly 
which  is  also  reusable.  Micron  is  planning  to  evaluate 
multiple  contactor  technologies  for  this  purpose.  Finally, 
Micron  is  partnering  with  equipment  and  parts  suppliers  to 
supply  these  components  and  the  equipment  required  to 
handle  them  in  an  organized,  product  driven  effort  Using 
this  approach,  bare  die  will  be  assembled  into  a  universal 
carrier,  contacted  with  a  contactor  assembly,  bumed-in  and 
tested  while  in  this  assembly,  and  then  removed  for 
delivery  to  the  customer. 

The  number  of  reuses  per  carrier  will  depend  largely 
on  the  contact  technology  selected,  as  will  the  condition  of 
the  die  bond  pads  after  bum-in  and  test  However,  as 
indicated  at  the  May  1993  Supplier  Forum,  the  amount  of 
damage  done  to  the  pads  is  a  key  concern  in  selecting  the 
connector  (probe  tip)  technology. 

Readiness  Level 


version  is  expected  to  be  made  available  in  the  first 
quarter  1994.  The  high  pin  count  version,  fully  automated 
version  to  be  available  at  a  later  date. 

Equipment  status: 

The  KGD^  is  a  carrier  based  approach  using  either 
manual  assembly  or  automatic  assembly/disassembly 
equipment  Manual  assembly  equipment  is  available 
now,  and  Micron  is  working  with  equipment  vendors  to 
develop  the  necessary  automatic  equipment  for  this 
process. 

Process  status: 

The  KGD^  process  is  not  yet  available  for  either 
purchase  of  die  or  for  licensing.  The  only  details  of  the 
die-to-carrier  assembly  or  disassembly  that  have  been 
revealed  outside  of  Micron  is  that  the  die  into  carrier 
assembly  is  currently  performed  manually. 

Capacity  issues: 

As  the  technology  is  currently  not  in  production. 
Micron  is  not  prepared  to  reveal  their  potential  capacity. 

Qualification  issues: 

Not  enough  is  known  about  the  KGI>*“  carrier  and 
contact  mechanism  to  .nake  any  assessment  of  quality 
issues. 

Alignment  Method 

A  vision  system  is  used  to  align  the  die  to  the  carrier. 
Contact  Mechanism 

Several  contactor  technologies  are  still  under  evalua¬ 
tion. 

Key  Features 

The  key  features  of  this  technology  are  unknown. 

Noncompliance  with  Technology  Assessment 
Guidelines 


Readiness  Category: 

The  KGD1**  carrier  is  in  alpha  tesL  A  low  pin  count 


Very  little  specific  information  is  available  regarding 
this  technology.  Based  on  inputs  from  Micron,  the 
technology  will  be  unable  to  achieve  50  ohm  controlled 


jgimpedance. 


Micron  Semiconductor,  Inc. 


The  Micron  KGD+  technology  was  not  penalized  for 
die  size,  although  there  are  some  concerns  as  to  how  very 
small  die  might  be  handled  and  aligned 

Process  Flow 

1.0  Begin  with  bare  wafer  on  film  frame,  presorted  and 
sawn. 

20  Assembly  in  carriers 

21  Load  into  automated  assembler 

2.2  Load  Universal  Carriers 

2.3  Select  program/align/set  up  assembler. 

2.4  Run  production  lot  through  assembler 
3.0  Burn-in  parts  in  universal  carriers. 

4.0  Final  test 
5.0  Disassemble 

5.1  Load  Carriers  into  assembler/disassembler 

5.2  Set  up/alignment/program  selection 

5.3  Run  production  lot  for  disassembly 

5.4  Unload  die  to  delivery  package. 

5.5  Unload  carriers 

6.0  Package  die  for  delivery  to  customer  (If  not  already 
packaged  by  disassembler). 

Advantages 

•  Contact  is  believed  to  be  nonscrubbing  which  may 
minimize  pad  damage,  assuming  excessive  force  is 
not  required  to  overcome  nonplanarity. 

•  Contact  verified  at  assembly  by  built-in  electronics. 


•  Frequency  and  method  for  cleaning  contacts  is 
unknown. 


Equipment  Required 


Item 

Cost 

Throughput 

Assembler/Disassembler 

$100Kto$500K| 

Unknown 

Equipment  Description  for  Automated  Process 


Assembler/disassembler  installs  die  to  and  removes 
die  from  the  universal  carrier.  Die  will  be  picked  from  an 
expanded  wafer  ring.  Carriers  will  be  indexed  from  an 
elevator  system.  A  robot  with  four  degrees  of  freedom 
will  be  required  to  insert  and  remove  the  carrier  lid.  The 
pick  and  place  system  must  have  two  robot  arms.  One 
robot  arm  must  acquire  and  rotate  die,  while  the  other  arm 
must  retrieve  the  die  from  the  back  side.  The  system 
would  require  a  vision  system  with  pattern  recognition 
capabilities  and  two  cameras  for  use  in  registering  the  die 
to  the  carrier  within  the  needed  tolerance.  Vertical  force 
sensing  and  control  for  die  handling  would  be  required. 


Cost 


Cost  Factor 

Comment 

Cost 

Wafer  Processing 

$ 

Materials  Cost/Use 

$ 

Assembly, 

Disassembly 

$ 

MCC  Cost  Judgement 

Comments 


Disadvantages 

•  Minimal  information  regarding  this  technology  is 
available.  Manufacturer  claims  indicate  no  potential 
disadvantages,  but  there  is  no  supporting  evidence. 

•  See  also  Noncomfuance  wtth  Technology  Assess¬ 
ment  Guidelines. 

Concerns 


Supplier  Business  Information 

•  Micron  Semiconductor,  Inc. 

2805  E  Columbia  Rd. 

Boise,  ID  83706 

(208)  368-4000 

•  Primary  Business:  Semiconductors 

•  Total  Employees:  4,200 

•  1992  Sales:  $320M 


•  If  contact  is  nonscrubbing,  this  may  affect  contact 
reliability. 

•  Mechanism  for  maintaining  die  placement  during 
assembly  is  unknown. 


Contact 

Jerry  Johnson 
PHONE:  (208)  368-3958 
FAX:  (208)368-3834 


¥ 
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Supplier:! 

Micron  Semiconductor  Method:! KGD+ 

TAG  Requirements  1 

Specification  Meets  TAG?  Weight 

Score 

BiPolar 

Accept 

\ 

— 

2 

2 

CMOS 

Accept 

> 

3 

3 

BICMOS 

Accept 

' 

2 

2 

Si  On  Insulator 

Accept 

> 

1 

1 

GaAs 

Accept 

\ 

1 

1 

Accept 

'i 

' 

2 

2 

Digital 

Accept 

' 

Mixed 

Accept 

> 

Memories 

Accept 

MPUs 

Accept 

1 

DSPs 

Accept 

1 

Gate  Arra 


ASICs 


Peripheral  bond  pads 


Array  pads 


Bumped  die 


Device  Type  Rules  Subtotal 


Wafer/Die  Size  Rules 


Size 


max.  aspect  ratio 


min.  size  tolerance 


Accept 


I  Accept 


i  Accept 


I  Accept 


Accept 


Accept 


2.5K-500K  mil2 


3  to  1 


r 

2 

2 

r 

1 

1 

die  thickness 

10 -30  mils 

min.  thickness  tolerance 

±1.0  mils 

Wafer/Die  Size  Rules  Subtotal; 


Interconnect  Rules 

0 

Planarity:  Pad  to  pad  height  variation 

up  to  1 .0pm  variation 

Y 

2 

2 

1C  Pad  planarity 


Metallurgy  accepted 


Metallurgy  Changes  required 


Interconnect  Rules  Subtotal 


Device  Design  Rules  _ 


or  impact  required  _  _ 


NO  planarity  degradation  of  die 


Al,  Au,  Solder 


NO  change  in  quality/reliabiiity 


Wafer  Fabrication  Rules 


e  or  Impact  Required 


I  NO  chan 


Wafer  /  Die  Probe  Rules 


Does  NOT  Prohibit  Use  of  wafer  probe 

j  Wafer  probing  OK 

New  capital  equipment  required  by  fab 

j  NO  new  equipment  req’d 

Probe  contact  to  passivation 

NO  probe  contact 

Acceptable  probe  pad  damage _ 


Wafer/Die  Probe  Rules  Subtotal 


per  Mil  spec  2010.6 


Impact  on  current  practices 

NO  change  to  practices 

> 

Accuracy  required  for  edge  placement  of  di 

|  Does  NOT  require  +/-  0.5  mils 

1 

Wafer  Mount  &  Saw  Rules  Subtotal 

j 

! 

Test  &  Bum  In  -  General  Rules 

BIST  Capable 


Basic  function  test 


simulation/connection 
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Supplier:  Micron  Semiconductor 

Method: 

[KGD+ 

'  j 

TAG  Requirements  Specification 

Meets  TAG? 

!  Weight  Score 

Rc  compatible  w /  bandwidth 

YES 

1 

Backside  electrical  connection 

YES 

' 

Pin  1 1dentifier  provided 

YES 

Contact  passivaion  wells  up  to  1 .5  pm 

YES 

1 

Contact  passivaion  wells  up  to  8.0  pm 


Carrier  Operation  Temperature 


Contact  Resistance 


|0-125°C 


£0.5  0 


Min.  pad  dimension 


Char.  Impedance 


1100  pm 


500  ±10% 


Char.  Im 


Bandwidth 


Power  handling  capa 


Min.  number  of  touchdowns  /  die 


_ High  I/O  Test  Rules  Subtotal 


Bum  In  Rules 


Die  Temperature  max 


Ambient  temperature  max 


Contact  Resistance 


500  MHz 


10W/cm2 


2 


|175°C 


1 150°C 


IS  0.5  0 


Min.  pitch 


Min.  pad  dimension 


Power  handling  capa 


Min.  number  of  touchdowns  /  die 


Bum  In  Rules  Subtotal 


Pack  ft  Ship  Rules 


per  JEDEC  KGD  specification 


Test  ft  Bum  In  -  General  Rules  Subtotal 

i 

; 

Low  VO  Test  Rules 

Min.  Clock  Freq 

100  MHz 

' 

Pad  contact  (Peripheral,  array,  both) 

Both  | 

Pad  metallization  accepted(AI,Au, Solder) 

ALL 

> 

Min.  pitch 

! 200pm 

1 

: - 

Carrier  Operation  Temperature 

0-125°C 

Contact  Resistance 

£0.5  0 

Min.  Clock  Freq 

100  MHz 

> 

Pad  contact  (Peripheral,  array,  both) 

Both 

> 

Pad  metallization  accepted(AI,Au, Solder) 

ALL 

> 

Min.  pitch 

150pm 

Min.  pad  dimension 

75  pm 

! 

200pm 


100  pm 


2  j 

2 

1 

1 

3 

3 

Bandwidth 

500  MHz 

Y 

2 

2 

Power  handling  capacity 

3W/cm2 

Y 

2 

2 

Min.  number  of  touchdowns  /  die 

2 

Y 

_ 3 _ 1 

3 

Low  I/O  Test  Rules  Subtotal 

! 

High  I/O  Test  Rules 

! 

ce 

500  ±10% 

N 

2 

Min.  Clock  Freq. 

20  MHz 

\ 

f 

2 

2 

Pad  contact  (Peripheral,  array,  both) 

Both 

'i 

t 

2 

2 

Pad  metallization  accepted(AI,Au  .Solder) 

ALL 

'i 

f 

1 

1 

TOTAL  SCORE 


Packard  Hughes,  Inc 

PACKARD  HUGHES,  INC. 

Membrane  Probe  Set 

General  Information  die.  Packard  Hughes  is  also  investigating  scaling  this 


Packard  Hughes  has  a  fine  pitch  thin  film  contactor 
technology  available  which  may  be  applied  to  the  KGD 
market  The  concept  is  a  carrier  with  a  Packard  Hughes 
contactor  membrane  for  making  contact  to  the  die 
together  with  an  elastomer  backing,  and  a  spring  clamp 
with  a  support  plate/heat  spreader  mechanism  (Figure 
19).  The  contact  made  by  the  membrane  is  an  oxide 
piercing  temporary  contact,  and  alignment  is  a  manual 
optical  operation.  Thermal  management  is  provided  by  a 
chip  support  plate/heat  spreader.  Packard  Hughes  could 
have  a  product  line  available  within  one  year,  given  the 
right  market  situation.  They  are  currently  in  development 
of  this  technology,  capable  of  providing  custom  proto¬ 
types  designed  to  meet  specific  contract  requirements. 

Technical  Description 

Packard  Hughes  is  considering  applying  their  “Gold 
Dot”  membrane  probe  technology  to  the  known  good  die 
problem.  The  probes  can  be  configured  as  a  traditional 
probe  card  or  as  contactors  for  individual  die.  The 
membrane  probe  contacts  offer  long  lifetimes  and  high 
bandwidth  impedance  matching  for  signal  fidelity.  They 
are  capable  of  accepting  small  pitch  (4  mil)  high  pin- 
count  devices,  and  Al,  Au,  and  Sn/Pb  metallization,  in 
array  or  peripheral  configuration,  and  bumped  or 
unbumped  format.  This  technology  is  still  in  need  of 
some  development  and  qualification  for  use  in  providing 
KGD,  but  the  basic  contacting  technology  meets  the 
general  requirements  for  getting  signals  to  and  from  the 


technology  to  accommodate  full  wafer  bum-in  capability. 

The  number  of  uses  is  expected  to  be  high,  assuming 
that  a  high  temperature  adhesive  can  be  substituted  for  the 
current  one.  The  shape  and  composition  of  the  probe  tips 
are  conducive  to  very  minimal  pad  damage. 

Readiness  Level 
Readiness  Category: 

This  technology  is  in  development  Packard  Hughes 
is  prepared  to  provide  custom  designed  KGD  products, 
but  does  not  have  a  KGD  product  line  defined. 

Equipment  status: 

The  equipment  required  for  automated  carrier 
assembly  and  die  insertion/removal  is  still  in  the  develop¬ 
mental  stage.  These  components  would  be  manually 
assembled  for  prototype  quantities. 

Process  status: 

Packard  Hughes  is  currently  refining  the  materials 
and  processes  used  to  fabricate  their  membrane  probe 
products,  in  order  to  increase  the  durability  of  this  product 
at  high  temperatures.  The  bum-in  carrier  product  does 
not  exhibit  thermal  life  problems,  and  the  existing 
manufacturing  process  is  capable  of  providing  KGD 
bum-in  carriers. 

Capacity  issues: 

Packard  Hughes  has  capital  equipment  and  processes 
in  place  to  produce  medium  volumes  of  custom  designed 
KGD  carriers,  but  these  would  be  assembled  manually. 

Qualification  issues: 

In-house  testing  of  the  interconnect  used  in  the  KGD 
carriers  has  been  performed  at  Packard  Hughes,  but  no 
alpha  site  testing  or  qualification  level  testing  has  been 
performed  to  date. 

Alignment  Method 

Alignment  method  is  manual  optical. 


Figure  19.  Single  Chip  Test  Socket 


Packard  Hughes,  Inc. 


Com  act  Mechanism 

Contact  is  made  with  proprietary  gold  dot  contacts. 
Key  Features 

Proprietary  interconnection  membrane  uses  gold  dot 
contacts. 

Noncompliance  with  Technology  Assessment 
Guidelines 

The  adhesive  currently  used  in  forming  the  interface 
between  the  interconnect  and  probe  tips  will  not  survive 
bum-in  temperatures.  Development  plans  call  for  use  of  a 
higher  temperature  adhesive. 

The  Packard  Hughes  technology  was  not  penalized 
for  die  size,  although  there  are  some  concerns  as  to  how 
very  small  die  might  be  handled  and  aligned.  (TAG 
guidelines  say  that  the  technology  will  accommodate  SO 
mil  die). 

Process  (IC  contactor) 

1.0  Begin  with  diced  wafer  on  tape. 

2.0  Assembly 

2. 1  Load  wafer  tape  and  carriers  into  assembly 
station. 

2.2  Acquire  and  invert  die. 

2.3  Retrieve  inverted  die,  place  and  align  face  down 
on  membrane. 

2.4  While  holding  die  in  place,  apply  carrier  lid  and 
snap  closed. 

3.0  Test 
4.0  Bum-in. 

5.0  Disassembly 

5.1  Open  carrier  lid. 

5.2  Remove  die. 

5.3  Return  carrier  and  lid  for  reuse. 

6.0  Place  die  in  packaging  for  delivery  to  customer. 

Advantages 

•  Nonscrubbing  contact  may  minimize  pad  damage, 
as  demonstrated  on  probe  cards.  This  assumes 
excessive  force  is  not  required  to  overcome  non¬ 
planarity. 


•  Contact  mechanism  proven  at  ambient  conditions  in 
probe  card  technology. 

Disadvantages 

•  See  also  Noncompliance  with  Technology  Assess¬ 
ment  Guidelines. 

Concerns 

•  Nonscrubbing  action  may  affect  contact  reliability, 
although  fine  point  may  offset  this. 

•  Mechanism  for  maintaining  die  placement  during 
assembly  is  not  clear. 

•  Adhesive  may  be  temperature  sensitive. 

•  Frequency  and  method  of  cleaning  contacts  is 
unknown  and  must  be  compatible  with  adhesive.  If 
scrubbing  is  required,  its  lifetime  may  be  signifi¬ 
cantly  impacted. 


Equipment  Required 


Item 

Cost 

Throughput 

Assemblet/Disassembler 

$100Kto$500K 

Unknown 

Equipment  Description  for  Automated  Process 

Assembler/disassembler  installs  die  to  and  removes 
die  from  test  socket.  Die  will  be  pricked  from  an  expanded 
wafer  ring.  The  pick  and  place  system  must  have  two 
robot  arms.  One  robot  arm  must  acquire  and  rotate  die, 
while  the  other  arm  must  retrieve  the  die  from  the  back 
side.  The  system  would  require  a  robot  with  four  degrees 
of  freedom  and  a  vision  system  with  pattern  recognition 
capabilities  for  use  in  registering  the  die  to  the  carrier 
within  the  needed  tolerance.  Vertical  force  sensing  and 
control  for  die  handling  would  be  required.  A  custom  end 
effector  will  be  required  to  install  and  remove  the  test 
socket  clamp. 


Packard  Hughes,  Inc. 


Supplier  Business  Information 

•  Packard  Hughes,  Inc. 

17150  Von  Karman 
Irvine,  CA  92714 

•  Primary  Business:  Electrical  interconnects  and 
contactors 

•  Total  Employees:  700  -  900 

•  1992  Sales:  $80M-$100M 

Comments  Contact 

Packard  Hughes  has  previously  worked  with  MCC  to  William  Crumly 
demonstrate  this  carrier  concept  with  their  membrane  PHONE:  (714)  660-69 1 4 

technology.  FAX:  (714)  660-5825 


Cost 


89 


Supplier: 


TAG  Reauirements 


Device  Type  Rules 


BiPolar 


CMOS 


BICMOS 


Si  On  Insulator 


GaAs 


Digital 


Mixed 


Memories 


MPUs 


DSPs 


ic 


Gate  Arra 


ASICs 


Peripheral  bond  pads 


Array  pads 


Bumped  die 


Wafer/Die  Size  Rules 


I  Packard  Hughes 


! Specification 


I 


|  Accept 


!  Accept  _ 


i  Accept 


!  Accept 


(Accept 


I  Accept  _ 


(Accept  _ 


(Accept 


I  Accept 


(Accept 


|  Accept 


(Accept 


(Accept 


(Accept 


Accept 


Accept 


Accept 


1  Method:  Membrane  probe  set 


Meets  TAG1  Weight  Score 


Rules  Subtotal 


Size 

2.5K-500K  mil2 

max.  aspect  ratio 

3  to  1 

min.  size  tolerance 


die  thickness 


min.  thickness  tolerance 


Wafer/Die  Size  Rules  Subtotal 


Interconnect  Rules 


Planarity:  Pad  to  pad  height  variation 


IC  Pad  planari 


Metallurgy  accepted _ 


Metallurgy  Changes  required 


±0.5  mils  or  la 


10-30  mils 


±1.0  mils 


up  to  1 .0|im  variation 


NO  planarity  degradation  of  die 


Al,  Au,  Solder 


NO  change  in  quality/reliabili 


Interconnect  Rules  Subtotal 

Device  Design  Rules 

Change  or  impact  required 


Wafer  Fabrication  Rules 


Change  or  Impact  Required 


NO  change 


(Wafer  probing  OK 


|  NO  new  equipment  req'd 


(NO  probe  contact 


[per  Mil  spec  201 0.6 


Wafer  /  Die  Probe  Rules 


Does  NOT  Prohibit  Use  of  wafer  probe  (Wafer  probing  OK 


New  capital  equipment  required  by  fab  |  NO  new  equipment  req'd  _ 


Probe  contact  to  passivation  |  NO  probe  contact 


Acceptable  probe  pad  damage _ [per  Mil  spec  201 0.6 _ 

Wafer/Die  Probe  Rules  Subtotal! 


Wafer  Mount  and  Saw  Rules 


Impact  on  current  practices _ (NO  change  to  practices 


Accuracy  required  for  edge  placement  of  <j  Does  NOT  require  +/-  0.5  mils 


Wafer  Mount  &  Saw  Rules  Subtotal 


Test  &  Bum  In  -  General  Rules 


BIST  Capable  YES 


Basic  function  test  I  YES 


simulation/connection  YES 
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TAG  Requirements 


Rc  compatible  w/  bandwidth 


Backside  electrical  connection 


Pin  1  Identifier  provided 


Contact  passivaion  wells  up  to  1 .5  pm 


Contact  passivaion  wells  up  to  8.0  pm 


Supplier:  Packard  Hughes 


Specification 


YES 


>n  'YES 


lYES 


to  1.5  pm  YES 


to  8.0  pm  YES 


Method:  Membrane  probe  set 


Meets  TAG, Weight  Score 


Pad  metallization  accepted(AI,Au,Solder)  ALL 


Power  handling  capadt 


Min.  number  of  touchdowns  /  die 


High  I/O  Test  Rules  Subtotal 


1 0W/cm2 


2 


Contact  Resistance  <  0.5  O 


Min.  Clock  Freq.  120  MHz 


Pad  contact  (Peripheral,  array,  both)  Both 


Pad  metallization  accepted(AI,Au,Soider)  ALL 


Min.  pitch  200pm 


Min.  pad  dimension  1 00  pm 


Power  handling  capad 


Min.  number  of  touchdowns  /  die  j  2 


Bum  In  Rules  Subtotal 


Pack  &  Ship  Rules 


per  JEOEC  KGD  spedfication  )  YES 


Test  &  Bum  In  -  General  Rules  Subtotal 

! - 

, 

Low  I/O  Test  Rules 

. 

Carrier  Operation  Temperature 

0-125°C 

Contact  Resistance 

<  0.5  O  ' 

Min.  Clock  Freq 

100MHz  I 

Pad  contact  (Peripheral,  array,  both) 

Both 

Pad  metallization  accepted(AI,Au, Solder) 

ALL 

Min.  pitch 

200pm 

Min.  pad  dimension 

100  pm  i 

Char.  Impedance 

500  ±10% 

Bandwidth 

500  MHz  j 

Power  handling  capadty 

3W/cm2 

Min.  number  of  touchdowns  /  die 

2 

Low  I/O  Test  Rules  Subtotal! 

High  I/O  Test  Rules 

! 

| 

Carrier  Operation  Temperature 

0-1 25°C 

3 

3 

Contact  Resistance 

<0.5  0 

3 

3 

Min.  Clock  Freq 

100  MHz 

> 

2 

2 

Pad  contact  (Peripheral,  array,  both) 

Both 

\ 

2 

2 

Min.  pitch 

150pm 

Min.  pad  dimension 

75  pm 

Char.  Impedance 

500+10% 

1 

Bandwidth 

500  MHz 

> 

Bum  In  Rules 

Die  Temperature  max 

175°C 

N 

Ambient  temperature  max 

150°C 

N 

200pm 


100  pm 


3  W/cm2  - 1 0W/cm2 


Inspection 

Allow  optical  inspection  of  device 

YES 

1 
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Plastronics,  Inc. 


PLASTRONICS,  INC. 

Wire-based  Probing 


General  Information 

Plastronics  has  been  working  with  a  test  site  to 
develop  their  wire  probe  KGD  carriers  for  production  use. 
This  is  a  temporary  carrier  approach  utilizing  wire  probes 
to  make  contact  to  the  die  bond  pads  for  test  and  bum-in. 
The  contact  method  uses  compressed  wire  probes  with  a 
scrubbing  action  for  penetrating  oxides,  and  alignment  is 
a  manual  optical  process,  with  provisions  for  automation. 
Thermal  management  is  provided  by  the  carrier  base, 
which  serves  as  a  heat  spreader.  Plastronics  is  currently  in 
alpha  test  of  this  carrier  concept,  and  all  carriers  are  now 
machined.  Production  quantities  would  require  tooling  for 
molded  components. 

Technical  Description 

Plastronics,  Inc.  uses  a  wire  based  probing  technol¬ 
ogy  to  provide  contact  to  bare  singulated  die  in  a  carrier 
based  approach.  The  carrier  consists  of  a  plastic  base  with 
a  cavity  for  die  die,  a  ceramic  alignment  plate  with 
precision  laser  drilled  holes  for  aligning  the  wire  probes 
to  the  die  bond  pads,  and  a  contactor  assembly  which 
contains  the  probes.  The  compliant  probes  provide 
scrubbing  contacts  and  the  ability  to  accommodate  non- 
planar  surfaces.  Plastronics  has  developed  a  cleaning 
process  which  may  be  employed  to  clean  the  probes,  and 
claims  that  these  carriers  are  good  for  approximately  2000 
uses.  Condition  of  the  die  bond  pads  after  bum-in  and  test 
is  expected  to  be  similar  to  a  wire  probe.  Laser  drilling 
currently  imposes  a  10  mil  pitch  limitation  which  is 
reflected  in  this  technology’s  inability  to  meet  TAG 
requirements  in  this  area  for  even  low  I/O  die  (8  mils). 

Readiness  Level 
Readiness  Category: 

The  Plastronics  carrier  is  in  alpha  test 

Equipment  status: 

Loading  and  unloading  of  die  is  currently  performed 
manually,  under  a  microscope.  Assembly  rates  are  2  to  3 
die  insertions/alignments  per  minute.  No  work  has  been 
done  on  providing  automatic  assembly  equipment 


Process  status: 

The  process  for  producing  the  machined  version  of 
this  product  is  currently  in  place.  Molded  components 
would  require  tooling.  The  die/carrier  assembly  process 
is  strictly  manual  at  this  time. 

Capacity  issues: 

The  machined  version  of  the  Plastronics  carrier  is 
viable  for  prototype  quantities  only.  Producing  large 
quantities  of  these  carriers  would  require  tooling  molded 
carriers.  The  production  ready  version  would  replace 
screws  with  spring  clips  to  hold  the  assembly  together. 
Once  the  tooling  was  complete,  quantities  of  carriers 
could  be  produced  quickly  and  at  a  greatly  reduced  cost 

Qualification  issues: 

Plastronics  and  a  beta  test  site  are  currently  working 
to  evaluate  the  carrier  performance  and  further  develop 
their  KGD  carrier  product  Limited  in-house  testing  has 
been  performed,  but  no  thorough  evaluation  of  contact 
resistance  over  multiple  insertions  or  many  thermal  cycles 
has  been  performed.  A  test  plan  is  in  place  to  perform 
this  type  of  testing. 

Alignment  Method 

Alignment  is  manual  optical,  with  provision  for 
automation. 

Contact  Mechanism 

Wire  probes  provide  scrubbing  action. 

Key  Features 

Wire  probes  are  used  with  a  ceramic  alignment  plate. 

Noncompuance  with  Technology  Assessment 
Guidelines 

The  probe  based  technology  uses  laser  drilled  holes 
which  limits  the  pitch  to  10  mils.  It  cannot  meet  the  TAG 
guidelines  few  either  low  VO  or  high  VO  die  (200  micron 
pitch/100  micron  pad  and  150  micron  pad/75  micron  pad, 
respectively). 
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Plastronics,  Inc. 


The  long  thin  probes  provide  an  uncontrolled  imped¬ 
ance  environment 

The  Plastronics  technology  was  not  penalized  for  die 
size,  although  there  are  some  concerns  as  to  how  very 
small  die  might  be  handled  and  aligned.  (TAG  guidelines 
say  that  the  technology  will  accommodate  50  mil  die). 

Process  Flow  Description 

1 .0  Begin  with  die  on  wafer  tape  (sawn)  or  in  waffle 
pack  type  packaging. 

2.0  Assembly 

2.1  Place  die  into  cavity  of  carrier 

2.2  Place  ceramic  locator  plate  over  die  in  carrier 

2.3  Align  die  under  the  locator  plate 

2.4  Place  contactor  assembly  over  the  locator  plate, 
allowing  probes  to  drop  through  holes  in  locator 
plate. 

2.5  Clamp  assembly 
3.0  Disassembly 

3.1  Remove  clamp  assembly 

3.2  Remove  contactor  assembly 

3.3  Remove  locator  plate 

3.4  Remove  die  and  place  into  packaging  for 
delivery. 


Advantages 

•  Piercing  action  may  enhance  contact  reliability. 

•  Die  held  in  place  by  carrier  contacts  during  align 
and  clamp. 

Disadvantages 

•  Technology  is  pitch  limited. 

•  See  also  Nontompuanch  with  Technology  Assess- 

<  ment  Guidelines. 

Concerns 

•  Piercing  action  over  temperature  excursions  may 
introduce  unacceptable  amounts  of  pad  damage  for 
final  assembly  application. 

•  Probe  tips  may  require  more  maintenance  than 
average.  Cleaning  may  shorten  life  of  probes. 


Equipment  Required 


Item 

Cost 

Throughput 

Assembly/disassembly  station 

Unknown 

Unknown 

Equipment  Description  for  Automated  Process 

The  pick  and  place  system  would  require  a  robot  with 
four  degrees  of  freedom  and  a  custom  end  effector.  The 
system  would  require  a  vision  system  with  pattern 
recognition  capabilities  for  use  in  registering  the  die  to  the 
plastic  carrier  within  the  needed  tolerance.  Vertical  force 
sensing  and  control  for  die  handling  would  be  required. 
The  custom  end  effector  will  open  and  close  the  carrier 
lid. 

Cost 

Manufacturer  provided  information 

•  Tooling  cost  for  each  die  design:  $25,000.00 

•  Cost  for  each  carrier  $1.00  to  $1.50  per  pin. 


Cost  Factor 

Comment 

Cost 

Wafer  Processing 

$ 

Materials  Cost/Use 

Probe  tips  require  more 
maintenance  than  average 

$$ 

Assembly, 

Disassembly 

$ 

MCC  Cost  Judgement 

Comments 

Plastronics  is  placing  considerable  importance  in  the 
scrubbing  action  of  their  probes;  they  believe  a  scrubbing 
contact  is  superior  to  a  nonscrubbing  contact  The 
minimum  pad  pitch  of  this  approach  limits  the  selection 
of  die  which  may  be  used  with  this  technology. 
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Ptastronics,  Inc. 


Supplier  Business  Information 

•  Plastronics,  Inc. 

2601  Texas  Drive 
Itving,  TX  75062 
(214)  258-1906 

•  Primary  Business:  Plastic  products 

•  Total  Employees:  120 

•  1992  Sales:  $5M 

Contacts 

David  or  Wayne  Pfaff 
PHONE:  (214)  258-1906 
FAX:  (214)258-6771 
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Supplier:  [Plastronics 

Method: 

Wire  Probe  set 

TAG  Requirements 

Specification 

Meets  TAG? 

Weight  Score 

BiPoiar 

(Accept  !  ' 

CMOS 

(Accept 

BICMOS 


I  Accept 


Si  On  Insulator 

I  Accept  \ 

GaAs 

lAccept  'i 

Accept 


I  Accept 


Rules  Subtotal 


Device  T 


Wafer/Die  Size  Rules 


Size 


max.  aspect  ratio 


min.  size  tolerance 


die  thickness 


min.  thickness  tolerance 


Wafer/Die  Size  Rules  Subtotal 


Interconnect  Rules 


:  Pad  to  pad  height  variation 


1C  Pad  planarity 


Metallurgy  accepted 


Metallurgy  Changes  required 


Interconnect  Rules  Subtotal 


Device  Design  Rules 


Change  or  impact  required 


Wafer  Fabrication  Rules 


or  Impact  Required 


Wafer/  Die  Probe  Rules 


Does  NOT  Prohibit  Use  of  wafer  probe 


New  capital  equipment  required  by  fab 


Probe  contact  to  passivation 


Acceptable  probe  pad  dama 


2.SK-500K  mil2 


3  to  1 


±0.5  mils  or  larger 


10  -30  mils 


±1.0  mils 


up  to  1 .0[im  variation 


NO  planarity  degradation  of  die 


Al,  Au,  Solder 


NO  change  in  quality/reiiabilr 


I  Wafer  probing  OK 


NO  new  equipment  req'd 


{NO  probe  contact 


I  per  Mil  spec  2010.6 


I  NO  change  to  practices 


on  current  practices 


Accuracy  required  for  edge  placement  of  dl  Does  NOT  require  V-  0.5  mils 


Wafer  Mount  &  Saw  Rules  Subtotal 


Test  &  Bum  In  •  General  Rules 


BIST  Capable  YES 


Basic  function  test  YES 


simulation/connection  YES 


Y 

1 

1 

Y 

1 

1 

Y 

2 

2 

Digital 

Accept 

> 

Mixed 

Accept 

> 

Memories 

Accept 

> 

MPUs 

Accept 

> 

DSPs 

Accept 

Gate  Arrays 

Accept 

ASICs 

Accept 

Peripheral  bond  pads 

Accept 

Array  pads 

Accept 

Bumped  die 

Accept 

- 1 - 

1 

2 

2 

2 

2 

2 

2 

Wafer/Die  Probe  Rules  Subtotal 

Wafer  Mount  and  Saw  Rules 

i 
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Supplier:  Plastronics 

Method:! Wire  Probe  set 

TAG  Requirements 

Specification 

i  Meets  TAG? i  Weight  j  Score 

Rc  compatible  w/  bandwidth 


Backside  electrical  connection 


Pin  1  identifier  provided 


Contact  passivaion  wells  up  to  1 .5 


Contact  passivaion  wells  up  to  8.0  pm 


Test  &  Bum  In  -  General  Rules  Subtotal 


Low  VO  Test  Rules 


Carrier  Operation  Temperature 

|0'125°C  ' 

Contact  Resistance 

is  o.5  n  ' 

Min.  Clock  Freq  _  100  MHz 


Pad  contact  (Peripheral,  array,  both)  {Both 


Pad  metallization  accepted(AI,Au, Solder)  ALL 


Min.  pitch  1 200pm 


Min.  pad  dimension  j  1 00  pm 


Char.  Impedance  i  50H  ±1 0% 


Bandwidth 


Power  handling  capacity  1 3W/cm2 


Min.  number  of  touchdowns  /  die  2 


Low  I/O  Test  Rules  Subtotal 


Hkih  VO  Test  Rules 


Carrier  Operation  Temperature 

I0-125°C 

1 

Contact  Resistance 

S  0.5  £1 

V 

Min.  Clock  Freq 

100  MHz 

V 

Pad  contact  (Peripheral,  array,  both) 

Both 

V 

ance 

50Q±10% 

■  . 

N 

ed(AI,Au,Solder)  ALL 


Pad  metallization  a 


Min.  pitch 


Min,  pad  dimension 


Char.  Im 


Bandwidth 


Power  handling  capa 


Min.  number  of  touchdowns  /  die 


High  I/O  Test  Rules  Subtotal 


Bum  In  Rules 


Die  Temperature  max 


Ambient  temperature  max 


500  MHz 


10W/cm2 


Min.  pad  dimension 


Power  handling  capacity 


Min.  number  of  touchdowns  /  die 


Bum  In  Rules  Subtotal 


Pack  ft  Ship  Rules 


per  JEDEC  KGD  specification 


Contact  Resistance 

s  0.5  n 

Min.  Clock  Freq. 

20  MHz 

Pad  contact  (Peripheral,  array,  both) 

Both 

Pad  metallization  accepted(AI,Au, Solder) 

ALL 

TOTAL  SCORE 
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Quair 

QUALHI  CORPORATION 

BTQI  Carrier 


General  Information 

Qualhi  corporation  is  a  spin-off  from  Consultar,  Inc. 
which  has  been  established  specifically  to  provide  KGD 
carriers  based  on  the  thick  film  technology  developed  at 
Consultar  (Figure  20).  These  carriers  are  designated  as 
Burn-in,  Test,  Quality,  and  Inspection  (BTQI)  carriers. 
These  carriers  utilize  gold  bumps  deposited  on  thick  film 
materials  to  make  contact  to  the  die  bond  pads,  and 
scrubbing  is  provided  by  a  flip  chip  aligner/bonder  during 
assembly  of  the  die  into  carrier.  Alignment  of  the  die  to 
the  thick  film  contactor  assembly  is  performed  by  the  flip 
chip  aligner.  Thermal  management  is  provided  by  a 
ceramic  or  metal  lid  which  serves  as  a  heat  spreader. 
Qualhi  is  currently  in  development  of  this  carrier,  with 
initial  testing  being  performed  in  house  and  at  a  customer 
test  site. 


Technical  Description 

The  Qualhi  carrier  is  composed  of  a  low-cost  thick 
film  carrier  with  coined  gold  “bumps”  forming  die 
contact  points.  Gold  ball  bonds  are  attached  to  the  thick 
film  surface  using  standard  wire  bond  equipment  The 
wires  are  then  broken  off  and  the  remaining  gold  is 
coined  to  form  planar  die  contacts.  The  die  is  placed  and 
aligned  in  the  carrier  using  a  flip  chip  bonder,  with  very 
low  force.  The  bonder  provides  sufficient  scrubbing 
action  to  break  through  the  oxide  on  the  die  pads,  but  low 
enough  force  to  prevent  bonding.  The  package  is  held 
together  by  Kovar  pins,  with  heat  shrink  tubing  “fasten¬ 
ers”  applied  while  assembly  is  held  in  place  under 
pressure.  Work  done  to  date  indicates  that  the  process 
leaves  a  1  - 1.3  mil  mark  on  the  bond  pad  Depth  of  the 
mark  is  unknown,  but  is  targeted  at  8000±4(XX)A. 
Potentially,  the  number  of  uses  may  be  high.  However, 
this  may  be  adversely  affected  by  the  continual  coining 
(and  therefore,  enlarging)  of  the  carrier  “bumps.” 

Readiness  Level 
Readiness  Category: 

This  technology  is  in  development  Testing  is  taking 
place  both  in-house  and  at  a  beta  site. 

Equipment  status: 

The  BTQI  canier/die  assembly  is  expected  to  be 
performed  with  a  modified  flip  chip  bonder  used  to  place 
the  die  face  down  on  the  thick  film  carrier.  At  this  time  lid 
placement  is  performed  manually,  while  the  die  is  held  in 
place  with  vacuum.  A  modification  to  the  bonder  will  be 
required  to  provide  automated  lid  placement  Semicon¬ 
ductor  Equipment  Corp.  has  quoted  this  modification  at 
$20K,  requiring  8  to  12  weeks  for  development  and 
delivery. 

Process  status: 

The  die  to  carrier  assembly  process  is  expected  to  be 
performed  by  a  modified  flip  chip  bonder.  This  process 
will  have  to  be  optimized  once  the  equipment  is  available. 
Lid  placement  is  currently  manual,  but  may  be  auto¬ 
mated. 
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Qualhi 


Capacity  issues: 

For  the  purposes  of  providing  KGD  carriers  the 
capacity  is  unlimited  (the  thick  film  providers  are  capable 
of  producing  large  quantities  in  quick  turnaround  times). 
The  carriers  may  be  designed  and  fabricated  in  a  mini¬ 
mum  of  3  weeks  (with  expedite  charges)  or  in  normal 
delivery  times  of  4  to  6  weeks. 

Qualification  issues: 

Qualhi  is  currently  performing  testing  in-house  and 
working  with  a  beta  test  site  to  complete  qualification  of 
the  BTQI  carriers.  This  qualification  data  will  be  made 
available  upon  request  when  completed. 

Alignment  Method 

Alignment  is  manual  optical,  with  provision  for 
automation. 

Contact  Mechanism 

Gold  ball  bonds  on  thick  film  interconnect  provide 
scrubbing  action  with  use  of  flip  chip  bonder. 

Key  Features 

Thick  film  interconnect  has  scrubbing  contacts. 

Noncompliance  with  Technology  Assessment 
Guidelines 

The  Qualhi  technology  uses  a  thick  film  interconnect 
and  coined  gold  bumps,  both  of  which  impose  certain 
geometric  restrictions. 

•  No  compliance  built-in  or  provided  by  ceramic  or  gold 
bumps;  unable  to  meet  pad  to  pad  variation  guide¬ 
lines. 

It  is  believed  that  the  lack  of  compliance  is  likely  to 
cause  significant  pad  damage  on  nonplanar  die. 

Process  Flow  Description 

1.0  Begin  with  die  on  wafer  tape  (sawn)  or  in  waffle 
pack  type  packaging. 

2.0  Assembly 


2.1  Acquire  die. 

2.2  Align  and  place  inverted  die  onto  base  of  carrier 
(thick  film  with  ball  bonds  facing  upward). 

2.3  Use  flip  chip  bonder  to  apply  ultrasonic  scrub¬ 
bing,  turn  on  vacuum  to  hold  die. 

2.4  Place  ceramic  or  metal  lid  on  top  of  die  back¬ 
side. 

2.5  Assemble  Kovar  pins  and  lid  clamps. 

3.0  Disassembly 

3. 1  Remove  fasteners  by  cutting  tubing. 

3.2  Remove  lid. 

3.3  Remove  die  and  place  into  packaging  for 
delivery. 

3 .4  Clean  base  and  lid  (if  necessary)  and  return  for 
reuse. 

Advantages 

•  Scrubbing  action  may  enhance  contact  reliability. 
Disadvantages 

•  Technology  is  pitch  limited,  assuming  thick  film 
interconnect 

•  Poor  compliance  will  affect  contact  reliability  to 
non-planar  die. 

•  See  also  Noncompuance  with  Technology  Assess¬ 
ment  Guidelines. 

Concerns 

•  The  amount  of  scrubbing  required  to  overcome  non- 
compliant  nature  of  interconnect  may  introduce 
unacceptable  amounts  of  pad  damage  for  final 
assembly  application. 

•  Number  of  uses  without  rework  is  likely  to  be  low 
due  to  continued  flattening  and  enlarging  of  gold 
carrier  pads. 

•  Process  to  attach  die  is  not  yet  qualified  and  may  be 
difficult  to  optimize  and  control. 
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Qualhi 


Equipment  Required 


Item 

Cost 

Throughput 

Flip  chip  bonder 

$200K  to  S300K 

Unknown 

Equipment  Description  for  Automated  Process 

The  pick  and  place  system  would  require  a  robot  with 
4  degrees  of  freedom  and  a  custom  end  effector.  The 
system  would  require  a  vision  system  with  pattern 
recognition  capabilities  for  use  in  registering  the  die  to  the 
gold  bumps  within  the  needed  tolerance.  Three  axis  force 
sensing  and  control  would  be  required  for  die  handling 
and  scrubbing .  The  custom  end  effector  will  open  and 
close  the  earner  lid  and  assemble  clamps.  An  automatic 
flip  chip  bonder  has  all  of  the  required  features  except  for 
the  custom  end  effector. 

Cost 


Qualhi  cost  target  for  these  carriers  is  $0.01  per  lead 
peruse. 


Cost  Factor 

Comment 

Cost 

Wafer  Processing 

$ 

Materials  Cost/Use 

Low  number  of  uses 

$$$ 

Assembly, 

Disassembly 

Potential  damage 

$$ 

MCC  Cost  Judgement 

Comments 

The  Qualhi  approach  to  scrubbing  proposes  the 
use  of  a  flip  chip  bonder  to  perform  the  scrubbing, 
as  opposed  to  requiring  mechanical  probe  action  at 
the  die  site. 


Supplier  Business  Information: 

•  Qualhi  Corporation 

516  Country  Plaza  South 
Gilbert  AZ  85234 
(602)  892-6767 

•  Primary  Business:  KGD  carriers 

•  Total  Employees:  3 

•  1992  Sales:  S250K  (Consultar) 

Contact 

Peter  Normington 
PHONE:  (602)  892-6767 
FAX:  (602)  892-6767 
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Supplier:  I  QualHi 

Method:  BTQI  Carrier 

TAG  Requirements 

Specification 

Meets  TAG?  Weight  \  Score 

Rules 


Bipolar 


CMOS 


BICMOS 


Si  On  Insulator 


GaAs 


Digital 


Mixed 


Memories 


I  Accept 


Accept 


Accept 


Accept 


Accept 


I.  Accept 


Accept 


Accept 


iAcce 


MPUs  | 

Accept 

1 

DSPs 

Accept 

t 

1  2 

2 

i  3 

3 

'  2 

2 

'  | 

1 

1 

1 

-j 

1 

1 

f 

1 

2 

2 

t 

2 

2 

,  j 

2 

2 

' 

2 

2 

t 

\ 

2 

2 

Accept 


Gate  Arrays 

Accept 

t 

ASICs 

Accept 

t 

Peripheral  bond  pads 

Accept 

Array  pads 

Accept 

Bumped  die 

Accept 

t 

Device  T 


Wafer/Die  Size  Rules 


Rules  Subtotal 


min.  size  tolerance 

10.5  mils  or  larger 

die  thickness 

110-30  mils 

min.  thickness  tolerance 

±1.0  mils 

Wafer/Die  Size  Rules  Subtotal 


Interconnect  Rules 


Pad  to  pad  height  variation 


1C  Pad  planarity _  I 


Metallurgy  accepted 


requited 


Interconnect  Rules  Subtotal 


Device  Design  Rules  I 


or  impact  required 


EBK 


up  to  1  .Opm  variation 


NO  planarity  degradation  of  die 


Al,  Au,  Solder 


NO  change  in  quality/reliabili 


NO  change 


Wafer  Fabrication  Rules 


or  Impact  Required 


NO  chan 


IWafer  probing  OK 


I  NO  new  equipment  req'd 


Wafer  /  Die  Probe  Rules 


Does  NOT  Prohibit  Use  of  wafer  probe 


New  capital  equipment  required  by  fab 


Probe  contact  to  passivation 


Acceptable  probe  pad  dama 


Wafer/Die  Probe  Rules  Subtotal 


Wafer  Mount  and  Saw  Rules 


Impact  on  current  practices 


placement  of  di  Does  NOT  require  +/-  0.5  mils 


Wafer  Mount  &  Saw  Rules  Subtotal  i 


NO  probe  contact 

i 

per  Mil  spec  2010.6 

1 

ig5EBEEEagSB 


Teat  &  Bum  In  -  General  Rules 

BIST  Capable 

YES 

Basic  function  test 

YES 

simulation/connection 

YES 

100 

<m[t-[cm|cm|cm[o>[  (o|cm|cm|  ol^l  [co]  fco|  I  col  <v  I  ro  I  co  |  t- j  |  (Ml  cv 


Supplier:  QualHi 

Method:  BTQI  Carrier 

TAG  Requirements 

!  Specification 

Meets  TAG?  Weight  i  Score 

tible  w/  bandwidth 


Backside  electrical  connection 


Pin  1 1dentifier  provided 


Contact  passivaion  wells  up  to  1 .5  pm 


Contact  passivaion  welts  up  to  8.0  pm 


Test  &  Bum  in  -  General  Rules  Subtotal 

Low  I/O  Test  Rules 

Carrier  Operation  Temperatu  re  1 0- 1 25°C 


Contact  Resistance  js  0.5  Q 


Min.  Clock  Freq  1 1 00  MH2 


Pad  contact  (Peripheral,  array,  both)  j  Both 


Pad  metallization  accepted(AI,Au, Solder)  ALL 


Min.  pitch 


Min.  pad  dimension 


1200pm 


100  pm 


Power  handling  capa 


Min.  number  of  touchdowns  /  die 


Low  I/O  Test  Rules  Subtotal 


I/O  Test  Rules 


3W/cm 2 


2 


Min.  pad  dimension 


Char,  impedance 


Bandwidth 


Power  handling  capacity 


Min.  number  of  touchdowns  /  die 


High  I/O  Test  Rules  Subtotal 


Bum  In  Rules 


Die  Temperature  max 


75  pm 


500  ±10% 


500  MHz 


10W/cm2 


2 


Min.  pad  dimension 


Min.  number  of  touchdowns  /  die 


Bum  In  Rules  Subtotal 


Pack  &  Ship  Rules 


r  JEDEC  KGD  specification  I  YES 


Inspection 


100  pm 


3  W/cm2  - 1 0W/cm2 


2 


Char.  Impedance 

500+10%  | 

Bandwidth 

500  MHz  I 

Cartier  Operation  Temperature 

0-125°C 

Contact  Resistance 

<0.5  0 

Min.  Clock  Freq 

100  MHz 

Pad  contact  (Peripheral,  array,  both) 

Both 

Pad  metallization  acceptedfAl.Au, Solder) 

ALL 

Min.  pitch 

150pm 

Ambient  temperature  max 

150°C 

Contact  Resistance 

S0.5G 

Min.  Clock  Freq. 

20  MHz 

Pad  contact  (Peripheral,  array,  both) 

Both 

Pad  metallization  accepted(AI,Au, Solder) 

ALL 

Min.  pitch 

200pm 

3 

3 

2 

2 

2 

2 

1 

1 

opt 

ical  inspection  of  device 

1  yes 

1 _ 

Sandia  Labs 


SANDIA  NATIONAL  LABORATORIES 


General  Information 

Sandia  National  Laboratories  is  developing  a  KGD 
technology  based  on  rerouting  bond  pads  to  an  area  array 
configuration,  and  using  Z-axis  interconnect  materials  to 
provide  connections  to  a  temporary  test  carrier.  Contact 
from  the  die  area  array  bond  pads  to  the  earner  is  pro¬ 
vided  by  either  a  Z-axis  conductive  polymer,  or  by  a 
particle  interconnect  membrane.  Alignment  is  performed 
by  a  machined  spacer  component,  and  thermal  manage¬ 
ment  is  provided  by  a  lid  which  provides  contact  normal 
force  and  saves  as  a  heat  spreader.  Sandia  is  currently  in 
the  development  phase,  and  will  seek  to  license  a  vendor 
for  this  technology  at  an  appropriate  time.  As  a  major 
contributor  in  die  Multi  Chip  Module  development  effort, 
Sandia  National  Laboratories  has  been  working  on  an 
internal  MCM  project  to  specifically  demonstrate  known 
good  die  technology  and  module  testing  strategies.  The 
MCM-D  developed  fa  this  project  contains  four  DSPs, 
two  ASICs,  and  eight  memory  die  to  perform  a  two 
dimensional  fast  Fourier  transform.  All  die  used  in  this 
module  will  be  repattemed  and  thoroughly  tested  and 
burned  in  before  assembly.  The  ASICs  contain  boundary 
scan  and  BIST  circuits  to  simplify  module  level  testing 


RapattatnadWirabond  Pad- 
(H  required) 


and  diagnosis.  Data  from  this  project,  including  KGD 
experience,  will  be  shared  with  the  MCM  community. 

Technical  Description 

Sandia’ s  strategy  for  providing  KGD  has  three  major 
elements:  1)  die  with  repattemed  pads,  2)  universal  die 
carriers,  and  3)  universal  test  and  bum-in  boards.  Using 
two  layers  of  polyimi  de/metal,  wafers  are  processed,  as 
shown  in  Figure  21 ,  to  reposition  the  normal  peripheral 
bold  pads  of  each  die  to  an  area  array  of  much  larger 
pads  on  top  of  the  die.  The  array  pads  may  be  either  gold 
or  solder.  The  relatively  large  pitch  of  the  repattemed 
pads  allows  easy  mechanical  alignment  of  the  die  to  a 
corresponding  pad  array  in  a  universal  carrier  as  shown  in 
Figure  22.  The  die-to-carrier  interface  has  been  success¬ 
fully  demonstrated  with  both  diamond  particle  mem¬ 
branes  and  z-axis  elastomers.  The  elastomer  is  embedded 
with  vertical  wires  which  allows  connection  between  the 
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patterned  carrier  and  die.  Different  die  types  and  sizes  are 
accommodated  by  changing  only  the  plastic  spacer.  Since 
the  carrier  provides  a  common  footprint  for  all  die  types, 
Sandia  has  designed  compatible  universal  tester  load 
boards  and  bum-in  boards.  The  condition  of  the  array 
pads  after  bum-in  and  the  number  of  uses  per  intercon¬ 
nect  (die-to-carrier  interface)  will  depend  on  the  materials 
selected.  Final  assembly  may  be  flip  chip,  gold  wire  bond, 
or  GE  HDI  interconnect. 

Readiness  Level 
Readiness  Category: 

This  technology  is  in  development.  Sandia  will  not 
enter  the  merchant  KGD  supplier  market,  but  will  seek  to 
license  the  technology  developed  at  SNL  to  a  qualified 
vendor. 

Equipment  status: 

Sandia  is  having  the  wafers  repattemed  at  a  third 
party  MCM-D  supplier,  and  the  carrier  assembly  is 
currently  a  manual  operation.  Assembly  automation 
would  require  development  of  an  automated  assembly 
station. 

Process  status: 

Wafer  repatteming  uses  standard  thin  film  photoli¬ 
thography  procedures,  and  the  carrier  assembly/disassem¬ 
bly  is  a  simple  operation. 

Capacity  issues: 

Production  capacity  is  dependent  on  resources 
available  at  licensee. 

Qualification  issues: 

Five  die  types  (memory,  DSP,  ASIC,  FPGA,  assem¬ 
bly  test  chip)  have  been  repattemed  with  both  gold  and 
solder-bumped  pad  metallization.  Carriers  with  0.030" 
and  0.020”  pad  pitch  have  been  tested  over  4V  to  6V  and 
OC  to  100C  ranges  and  at  test  vector  rates  up  to  100 
MHz.  Broader  range  characterization  is  underway.  Bum- 
in  boards  have  been  procured,  but  no  data  yet 

Alignment  Method 

Die  mechanically  aligns  to  spacer  cavity.  Precise  die 
sawing  control  is  not  required  because  large  repattemed 
pads  allow  at  least  0.004"  misalignment 

Contact  Mechanism 

Contact  to  solder  bumps  is  made  either  with  a  Z-axis 


elastomer  sheet  (from  AT&T)  or  diamond-particle 
interposer  (from  Acsist).  The  membrane  interposer  is 
designed  to  allow  at  least  0.001"  pad-to-pad  vertical 
compliance.  The  penetrating  interposer  is  required  when 
testing  any  solder-bumped  die  which  has  a  residual  film 
of  flux  on  the  bumps.  Alternatively,  contact  can  be  made 
to  peripheral  Au  pads  with  traditional  wire  bond. 

Key  Features 

Repattemed  die  provide  an  area  array  of  pads 
compatible  with  universal,  nonbonding  PGA  carriers.  Die 
pad  metallizations  may  be  easily  optimized  for  the  die 
application;  for  example,  solder  for  flip-chip  attach,  or 
gold  for  wire-bond  or  GE  HDI  interconnect. 

Noncompliance  With  Technology  Assessment 
Guidelines 

The  original  aluminum  bond  pads  are  rerouted  to 
solder-bumped  array  or  Au-pad  peripheral  pads  which 
limits  incoming  die  to  those  with  aluminum  bond  pads. 

•  Cannot  accommodate  incoming  Au  or  solder 
bumped  die;  postpassivation  processing,  integral  to 
technology,  requires  aluminum  pads  as  initial 
surface. 

•  Additional  wafer  processing  required  (rerouting  and 
enlargement  of  bond  pads). 

The  dielectric  overcoat  was  judged  to  be  potentially 
incompatible  with  GaAs. 

Pad  rerouting  uses  uncontrolled  impedance  transmis¬ 
sion  lines.  In  the  case  where  Au  wire  bonding  is  done,  the 
ability  to  control  impedance  is  further  reduced. 

Optical  inspection  of  the  die  is  inhibited  by  the 
dielectric  coat 

Process  Flow  Description 

1 .0  Begin  with  singulated,  repattemed  die.  Note  this 
process  requires  two  polyimide  and  two  metal  layers 
(four  masks).  Sandia  has  used  third  party,  MCM-D 
suppliers  for  wafer  processing. 

2.0  Assembly 

2. 1  Verify  that  spacer  corresponding  to  die  type  to 
be  tested  is  positioned  in  carrier. 

2.2  Use  vacuum  wand  to  place  clean  die  in  carrier 
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cavity.  Use  nonsymmetrical  feature  on  die  pad 
array  to  correctly  orient  die. 

2.3  Rotate  carrier  lid  in  place  and  tighten  knurled  nuts 
snugly.  The  spacer  prevents  stressing  the  die  due 
to  over-tightening. 

3.0  Treat  die-in-canier  as  a  PGA-packaged  part  for 
electrical  tests  and  bum-in. 

4.0  Disassembly 

4. 1  Remove  die  from  carrier  by  loosening  nuts. 

4.2  Swinging  carrier  lid  aside,. 

4.3  Lifting  die  out  of  cavity  with  vacuum  wand.  Place 

fully  tested  die  (KGD)  in  waffle  pack  or  other  die 
transport  medium. 

5.0  Inspect  carrier  and  clean  or  replace  interposer  if 
necessary.  Gold  die  pads  cause  little  change  to  the 
interposer  (elastomer  or  particle  membrane).  Some 
residue  from  solder  bumps,  however,  comes  off  on  the 
interposers  and  must  be  cleaned  off  after  tens  of  uses. 

Advantages 

•  Enlargement  and  rerouting  of  the  die  bond  pads 
permits  mechanical  align  of  die  without  precision  saw 
of  die. 

•  Reroute  creates  larger  bond  pads  which  facilitate 
alignment  and  minimize  effects  of  pad  damage. 

•  Piercing  action  may  enhance  contact  reliability. 

•  Carrier  lids,  with  or  without  fins,  provide  thermal 
management 

Disadvantages 

•  See  also  Nonoompliance  With  Technology  Assess- 
ment  Guidelines 


Equipment  Required 

1.  To  repattem  wafers,  stand''"!  thin  film  photolithog¬ 
raphy  and  processing  equipment  are  required,  such 
as:  spinner  for  polyimide  and  photoresist  contact 
mask  align  and  exposure,  oven  for  film  cure, 
polyimide  and  metal  etcher,  metal  sputter  and 
plating,  and  wafer  saw. 

2.  In  order  to  automate  loading  and  unloading  the 
carriers,  it  would  be  necessary  to  fit  the  carrier  with 
a  snap-on  lid  and  use  a  robotic  system  to  pick  and 
place  the  die. 

Cost 

Sandia  provided  the  following  analysis.  Tooling  and 
setup  costs  for  die  repatteming  cost  about  $10K  per  wafer 
type.  Wafer  processing,  including  solder  bumping,  costs 
about  $900  per  wafer  in  small  quantities  and  is  estimated 
to  drop  to  less  than  $400  per  wafer  in  volume  production. 
Carriers  with  ceramic  substrates  in  small  volume  cost 
$500  (0.030”  pad  pitch)  to  $900  (0.020”  pad  pitch)  each 
and  are  reusable  thousands  of  times.  Carriers  with  FR4 
substrates  in  larger  volumes  are  estimated  to  cost  less  than 
$200  each.  Consumables  (elastomer  sheet  or  diamond 
particle  interposer)  are  reusable  tens  of  times  and  cost  less 
than  $1  per  chip 


Cost  Factor 

Comment 

Cost 

Wafer  Processing 

Reroute 

$$$ 

Materials  Cost/Use 

$$ 

Assembly, 

Disassembly 

$ 

MCC  Cost  Judgement 

Comments 

Sandia  will  make  all  data  from  the  MCM  project 
available,  and  will  seek  to  license  the  KGD  technology  to 
a  supplier. 

•  Postpassivation  wafer  processing  provides  additional 
environmental  protection  and  facilitates  alignment 
However,  defects  may  be  introduced  and  final 
assembly  options  may  be  limited.  If  preferred  final 
assembly  requires  or  is  improved  by  presence  of 
solder  bumps  or  gold  pads,  then  the  cost  of  rerouting 
and  bumping  is  value  added. 


Concerns 

•  Frequency  and  method  for  cleaning  contacts  is 
unknown. 
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Supplier  Business  Information 

•  Sandia  National  Laboratories 
P.O.  Box  5800 

Albuquerque,  NM  87185-1073 

•  Primary  Business:  Research  and  development 

•  Total  Employees: 

•  1992  Sales:  N/A 


Contact 

R.  Keith  Treece 
Sandia  National  Labs 
MCM  Applications,  Dept.  2277 
Albuquerque,  NM  87185-5800 
PHONE:  (505)  844-9684 
FAX:  (505)  844-8480 
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Method:! 

no  name 

TAG  Requirements 

Specification 

Meets  TAG ? 

Weight 

Score 

Rules 


BiPolar 


CMOS 


BICMOS 


Si  On  Insulator 


GaAs 


Digital 


Mixed 


Memories 


MPUs 


DSPs 


Gate  Arrays 


ASICs 


Peripheral  bond  pads 


Array  pads 


Bumped  die 


Device  T 


Wafer/Die  Size  Rules 


Size 


max.  aspect  ratio 


min.  size  tolerance 


die  thickness 


min.  thickness  tolerance 


Wafer/Die  Size  Rules  Subtotal 


Interconnect  Rules 


IC  Pad  planarity 


Metallurgy  accepted 


Metallurgy  Changes  required 


Interconnect  Rules  Subtotal 


Device  Design  Rules 


{Accept 

1 

Accept  j  ' 

Accept 

1 

Accept 

1 

Accept 

1 

I  Accept 


Accept 


Accept 


Accept 


Accept 


Accept 


Rules  Subtotal 


2.5K-500K  mi!2 


3  to  1 


±0.5  mils  or  la 


10 -30  mils 


±1.0  mils 


up  to  1 .0pm  variation 


NO  planarity  degradation  of  die 


Al,  Au,  Solder 


NO  change  in  quality/reliabilr 


orim 

pact  req 

uired 

1  NO  chan 

Wafer  Fabrication  Rules 


e  or  Impact 

ired 

WO  chan 

Wafer /Die  Probe  Rules 


Does  NOT  Prohibit  Use  of  wafer  probe 


New  capital  equipment  required  by  fab 


Probe  contact  to  passivation 


probe  pad  dam 


Wafer/Die  Probe  Rules  Subtotal 


Wafer  Mount  and  Saw  Rules 


Wafer 


NO  new  equipment  req'd 


NO  probe  contact 


per  Mil  spec  2010.6 


EES 

on  current  practices 

v 

2 

2 

Accuracy  required  for 

placement  of  d 

Does  NOT  require  +/-  0.5  mils 

Y 

2 

2 

Wafer  Mount  &  Saw  Rules  Subtotal 


Test  A  Bum  In  -  General  Rules 


BIST  Capable 


Basic  function  test 


simulation/connection 
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ible  w/  bandwidth 


Backside  electrical  connection 


Pin  1 1dentifier  provided 


Contact  passivaion  wells  up  to  1 .5  pm 


Sandia  Laboratories 


Specification 


YES 


i  Method:  no  name 


Meets  TAG?,  Weight 


i  3 


Score 


Test  &  Bum  In  -  General  Rules  Subtotal  j 

- 1 

Low  VO  Test  Rules 


Carrier  Operation  Temperature 


Contact  Resistance 


Min.  Clock  Freq 

100  MHz 

Pad  contact  (Peripheral,  array,  both) 

Both 

Pad  metallization  accepted(AI,Au, Solder) 

ALL 

Min.  pitch 

200pm 

Min.  pad  dimension 

100  pm 

Char.  Impedance 

50£i±10% 

Bandwidth 


Power  handling  caps 


Min.  number  of  touchdowns  /  die 


Low  I/O  Test  Rules  Subtotal 


High  I/O  Test  Rules 


Carrier  Operation  Temperature 


Contact  Resistance 


Min.  Clock  Freq 


Pad  contact  (Peripheral,  array,  both) 


Pad  metallization  accepted(AI.Au,Solder) 


Min.  pitch 


Min.  pad  dimension 


Char.  Impedance 


Bandwidth 


Power  handlin 


Min.  number  of  touchdowns  /  die 


_ High  I/O  Test  Rules  Subtotal 


Bum  In  Rules 


Die  Temperature  max 


Ambient  temperature  max 


Contact  Resistance 


Min.  Clock  Freq. 


Pad  contact  (Peripheral,  array,  both) 


Pad  metallization  accepted(AI,Au, Solder) 


Min.  pitch 


Min.  pad  dimension 


Power  handling 


Min.  number  of  touchdowns  /  die 


Bum  In  Rules  Subtotal 


Pack  &  Ship  Rules 


ication 


inSEgfBaugSE-g 


500  MHz 

3W/cm2 

2 

3 

3 

3 

3 

2 

2 

2 

2 

1 

1 

3 

3 

3 

3 

Inspection 


Allow 


of  device 


TI/MMS 

TEXAS  INSTRUMENTS  and  MICRO  MODULE  SYSTEMS 

KGD  Interconnect  System 


General  Information 

Texas  Instruments  <TI)  and  Micro  Module  Systems 
(MMS)  have  teamed  to  develop  a  KGD  carrier  which 
may  be  applied  to  all  die  types  (Figure  23).  MMS  is 
providing  die  substrate  (membrane  and  die  pad  contactor) 
while  TI  supplies  the  other  carrier  components,  sockets, 
marketing,  sales,  and  support  services.  This  is  a  reusable 
temporary  carrier  approach,  using  a  custom  membrane 
with  a  proprietary  contact  mechanism  to  provide  a 
piercing  contact  to  the  die  bond  pads.  Alignment  is  a 
mechanical  operation,  relying  on  a  “fence”  built  directly 
onto  the  membrane  to  locate  the  die.  Thermal  manage¬ 
ment  is  provided  by  the  backside  support  plate,  with 
optional  heat  sink  attachment  TI  is  currently  in  alpha  test 
of  this  KGD  technology,  using  in  house  chips  for  testing. 
Carriers  and  sockets  for  low  I/O  components  are  expected 
to  be  ready  by  1Q94. 

Technical.  Desouption 

The  TI/MMS  KGD  interconnect  system  applies  a 
copper  polyimide  substrate  with  a  proprietary  nonwiping 
bond  pad  contact  mechanism  to  route  electrical  signals  to 
and  from  the  die.  The  die  is  aligned  and  then  “sand¬ 
wiched”  between  the  substrate  and  a  metal  lid  which  also 
serves  as  a  heat  sink  (additional 
sinking  is  optional).  Inserts, 
backplates,  frames  and  posts 
complete  the  assembly  and  compen¬ 
sate  for  non  planarity  of  the  die  bond 
pads  or  bumps.  This  entire  assembly 
then  fits  into  standard  test  contactors 
and  sockets  used  for  test  and  bum- 
in.  The  preliminary  test  results 
presented  so  far  indicate  that  the 
contact  interface  mechanism 
provides  a  low  contact  resistance 
(<  500  mQ)  with  reasonable  applied 
force,  and  is  quite  reliable  over  a 
large  number  of  insertions  (900). 

This  technology  offers  good  contact 
(<500  mft)  over  die  entire  tempera¬ 
ture  range  as  welL  It  accommodates 
a  variety  of  metallurgies  (including 
Al,  Au,  and  Sn/Pb)  in  both  flat  and 


bumped  configurations.  The  copper  polyimide  substrate 
provides  a  high  bandwidth  controlled  impedance  intercon¬ 
nect  mechanism  capable  of  very  high  wiring  densities  and 
either  peripheral  or  array  bond  pad  configurations.  TI/ 
MMS  are  well  on  the  path  to  qualifying  this  technology  for 
commercial  use,  with  several  test  vehicles  described  in  the 
literature  and  many  tests  already  completed,  and  others 
awaiting  completion. 

Readiness  Level 
Readiness  Category: 

The  TI/MMS  carrier  is  in  alpha  test 

Equipment  status: 

TheTI  KGD  carriers  may  be  assembled  using  stan¬ 
dard  existing  pick  and  place  and  package  assembly  equip¬ 
ment 

Process  status: 

The  assembly  process  is  compatible  with  existing 
equipment;  no  development  is  required. 

Capacity  issues: 

A  family  of  carriers  and  sockets  has  been  developed, 
with  a  carrier/socket  combination  available  for  each  die  I/O 


tC  Pad/Contact  Interface 


Posts 


Fsncs  and 
Protective  Layer 


Carrier  I/O  Pads 


LaweMnp  Mechanism  Pop-Top  Socket  &&&■%$$<& 

f. ..... _ . . 


Bum-in  PWB 


Thru-Hole  Pins* 


Figure  23.  Cross  Section  of  KGD  Interconnect  System 
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requirement  Carriers  and  sockets  for  75%  of  the  family 
are  ready  for  production  for  I/O  requirements  up  to  280  V 
O.  For  higher  I/O  applications,  the  production  capability 
will  be  available  1 2  weeks  after  receipt  of  an  order. 

Qualification  issues: 

TI  will  make  carrier  and  socket  qualification  data 
available  for  each  member  of  the  “family.”  Since  these 
carriers  are  intended  for  specific  custom  sockets,  they  are 
being  evaluated  together.  The  sockets  have  been  rede¬ 
signed,  and  limited  quantities  of  these  sockets  are  avail¬ 
able  at  this  time.  Testing  and  verification  is  underway  at 
alpha-site  partners. 

Alignment  Method 

Die  alignment  and/or  holding  features  is  used  for 
mechanical  die  loading  system.  Manual  optical  alignment 
may  also  be  used. 

Contact  Mechanism 

Temporary  contacts  provide  oxide  piercing  action. 
Key  Features 

Copper  polyimide  interconnect  membrane  uses 
proprietary  contact  mechanism. 

Noncompuance  with  Technology  Assessment 
Guidelines 

The  current  approach  calls  for  mechanical  alignment 
of  the  die  which  will  require  a  high  precision  wafer  saw 
process. 

The  TI/MMS  technology  was  not  penalized  for  die 
size,  although  there  are  some  concerns  as  to  how  very 
small  die  might  be  handled  and  aligned  (TAG  guidelines 
say  that  die  technology  will  accommodate  50  mil  die). 

Process  Flow 

1.0  Begin  with  singulated  die  on  tape. 

1.1  Die  extraction  from  wafer  tape  (removal  and 
cleaning  of  the  die) 

2.0  Load  die  onto  substrate. 

The  alignment  step  can  be  completed  by  either 
manual  die  placement  (using  vacuum  wand)  with 
mechanical  guides  (fence)  or  vision  pick  and 


placement  The  fence  structure  is  built  on  top  of  the 
interconnect  layer  which  will  hold  the  die  aligned 
to  the  contact  points  using  the  die  edges  as  its 
reference.  This  technique  requires  tighter  wafer 
sawing  control  in  semiconductor  manufacturing. 
The  fence  simplifies  the  manual  or  automated  pick 
and  place  operations  which  serve  as  both  an 
alignment  and  environmental  protection  barrier. 

3.0  Apply  metal  lid  cover. 

4.0  Place  latch  assembly  onto  substrate  assembly  to 
hold  die  in  place. 

5.0  Insert  carrier  assembly  into  cavity  of  test  contactor 
or  socket 

6.0  If  required,  functional  test  using  either  test 
contactor  or  socket 

7.0  Bum-in  using  standard  socket 

8.0  Functional  Test  using  either  test  contactor  or 
socket 

9.0  Remove  lid/latch  assembly,  place  in  stock  for 
reuse. 

10.0  Remove  die  from  substrate  assembly. 

1 1 .0  Clean  substrate  assembly,  place  in  stock  for  reuse. 

12.0  Visual  inspection  of  die. 

13.0  Place  die  in  packaging  for  delivery. 

Advantages 

•  Piercing  action  may  enhance  contact  reliability. 

•  Quick  mechanical  align  possible  for  precision  sawn 
die. 

•  Die  held  in  place  by  carrier  contacts  during  align 
and  clamp. 

•  Thermal  management  integral  to  technology. 

Disadvantages 

•  See  Noncompljance  with  Technology  Assessment 
Guidelines. 

Concerns 

•  Piercing  action  over  temperature  excursions  may 
introduce  unacceptable  amounts  of  damage  for  final 
assembly  application. 

•  May  be  complex  assembly  to  automate. 

•  Full-speed  test  above  250Mhz  may  require  custom 
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socket. 

•  Frequency  and  method  for  cleaning  contacts  is 
unknown. 


Equipment  Required 


Item 

Cost 

Throughput 

Assembkr/Disassembler 

S100K  to  S500K 

>10K/mooth 

Equipment  Description  for  Automated  Process 

Assembler/disassembler  installs  die  to  and  removes 
die  from  carrier.  Die  will  be  picked  from  an  expanded 
wafer  ring.  The  pick  and  place  system  must  have  two 
robot  aims.  One  robot  aim  must  acquire  and  rotate  die, 
while  the  other  arm  must  retrieve  the  die  from  the  back 
side.  The  system  would  require  a  robot  with  four  degrees 
of  freedom  and  a  vision  system  with  pattern  recognition 
capabilities  and  for  use  in  registering  the  die  to  the 
substrate  interconnect  layer  within  the  needed  tolerance. 
Vertical  force  sensing  and  control  for  die  handling  would 
be  required.  Another  end  effector  will  be  required  to 
install  and  remove  the  carrier  lid. 


Cost 

•  Manufacturer  cost  projection  is  less  than  $1 .00  per 
die 


Cost  Factor 

Comment 

Cost 

Wafer  Processing 

$ 

Materials  Cost/Use 

$ 

Assembly, 

Disassembly 

$ 

MCC  Cost  Judgement 

Comments 


Supplier  Business  Information 

•  Texas  Instruments,  Incorporated 
13500  N.  Central  Expressway 
Dallas,  TX.  75243 
(214)995-2011 

•  Primary  Business:  Semiconductors,  related  devices 

•  Total  Employees:  60,577 

•  1992  Sales:  $7.4B 


Randy  Roebuck,  Technical  Issues 
7800  Banner  Drive 
P.O.Box  650311  MS  3936 
Dallas,  TX  75265 
PHONE:  (214)917-6244 
FAX:  (214)917-7391 


Tony  Gucciardi,  Marketing  Issues 
111  Forbes Blvd 
Mansfield,  MA  02048 
PHONE:  (508)699-5213 
FAX:  (508)699-5339 
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Supplier:TI/MMS 

Method:! KGD  Interconnect 

TAG  Requirements 

j  Specification 

Meets  TAG'' j  Weight  j  Score 

BiPolar 

'Accept 

CMOS 

Accept 

BICMOS 

[Accept 

Si  On  Insulator 

i  Accept 

GaAs 

(Accept 

Accept 


Gate  Ana 


ASICs 


ral  bond  pads 


I  Accept 


'Accept 


Accept 


Acce 


Rules  Subtotal 


Device  T 


Wafer/Die  Size  Rules 


Size 


max.  aspect  ratio 


min.  size  tolerance 


die  thickness 


min.  thickness  tolerance 


Wafer/Die  Size  Rules  Subtotal 


Interconnect  Rules 


:  Pad  to  pad  height  variation 


1C  Pad  plana 


Metallurgy  accepted 


ired 


Interconnect  Rules  Subtotal 


Device  Design  Rules 


or  impact  required 


2.5K-500K  mi!2 


3  to  1 


+0.5  mils  or  larger 


±1.0  mils 


up  to  1 .0pm  variation 


NO  pi 


Al,  Au,  Solder 


NO  chan 


SEEjSEEl 

msrnm 


NO  change 


Wafer  Fabrication  Rules 


or  Impact  Required 


|  Wafer  probing  OK 


jNOnew  equipment  req'd 


NO  probe  contact 


r  Mil  spec  2010.6 


Wafer  /  Die  Probe  Rules 


Does  NOT  Prohibit  Use  of  wafer  probe 


New  capital  equipment  required  by  fab 


Probe  contact  to  passivation 


probe  pad 


Wafer/Die  Probe  Rules  Subtotal 


Wafer  Mount  and  Saw  Rules 


Impact  on  current 


placement  ofdj  Does  NOT  require  +/-  0.5  mils 


Wafer  Mount  &  Saw  Rules  Subtotal 


Test  &  Bum  In  -  General  Rules 


BIST  Capable  (YES 


Basic  function  test  YES 


simulation/connection  IYES 


Digital 

Accept 

Mixed 

Accept  ( 

Memories 

Accept  ! 

MPUs 

Accept 

DSPs 

Accept 

1 

1 

2 

2 

Array  pads 

Accept 

1 

Bumped  die 

Accept 

* 

2 

2 

1 

1 

2 

2 

2 

2 

2 

2 

ill 


CO  I  o> 


Supplier: 

TI/MMS  [ 

Method:! 

KGD  Interconnect 

TAG  Requirements 

Specification 

Meets  TAG? 

Weight  !  Score 

Rc  compatible  w/  bandwidth 

YES 

Backside  electrical  connection 

YES 

Pin  1 1dentifier  provided 


ivaion  wells  up  to  1 .5  pm 


ivaion  wells  up  to  8.0  pm 


Contact 

pass 

Contact 

pass 

Test  &  Bum  In  -  General  Rules  Subtotal 

Low  I/O  Test  Rules 

Carrier  Operation  Temperature 


Contact  Resistance 


Min.  Clock  F 


Pad  contact  (Peripheral,  array,  both) 


Pad  metallization  accepted(AI,Au, Solder) 


Min.  pad  dimension 


Char.  Impedance 


I0-125°C 


15  0.5  n 


100  MHz 


Both 


ALL 


200pm 


1 100  pm 


500  ±10% 


Bandwidth 

500  MHz 

t 

Power  handling  capacity 

3V'/cm2 

1 

Min.  number  of  touchdowns  /  die 


Low  I/O  Test  Rules  Subtotal 


High  I/O  Test  Rules 


Carrier  Operation  Temperature 


Contact  Resistance 


Min.  Clock  F 


Pad  contact  (Penpheral,  array,  both) 


Pad  metallization  accepted(Al,Au, Solder) 


Min.  pitch 


Min.  pad  dimension 


Char.  Impedance 


Bandwidth 


Power  handling  capa 


Min.  number  of  touchdowns  /  die 


High  I/O  Test  Rules  Subtotal 


Bum  In  Rules 


Die  Temperature  max 


Ambient  temperature  max 


Contact  Resistance 


0-125°C 


5  0.5  0 


100  MHz 


Both 


ALL 


75  pm 


500  ±10% 


500  MHz 


10W/cm2 


2 


175°C 


150°C 


5  0.5  0 


Min.  Clock  Freq. 

20  MHz 

Pad  contact  (Peripheral,  array,  both) 

Both 

Pad  metallization  accepted(Al,Au,Solder) 

ALL 

Min.  pitch 


Min.  pad  dimension 


Power  handling 


Min.  number  of  touchdowns  /  die 


Bum  In  Rules  Subtotal 


Pack  &  Ship  Rules 


100  pm 


3  W/cm2  - 1 0W/cm2 


2 


Alow  optical  ins 


TOTAL  SCORE 
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TRIBOTECH 

Temporary  LeadPak  (T-L/P) 


General  Information 

TRIBOTECH  technology  is  based  on  a  modified 
ceramic  package,  ideally  the  one  in  which  the  die  is 
conventionally  packaged.  These  packages  are  modified 

•  for  use  with  the  Temporary  LeadPak  (T-L/P)  thin  film 
and  contactor  to  make  contact  between  the  die  bond  pads 
and  a  spring  pin  contactor  to  the  package  bond  pads.  The 
die  may  then  be  tested  and  burned-in,  and  removed  as 
fully  tested  bare  die.  Contact  to  die  die  is  a  proprietary 
contact  mechanism  which  is  a  nonscrubbing,  fine  point 
oxide  piercing  method.  Alignment  of  the  die  in  carrier  to 
the  T-L/P  is  a  manual  optical  operation,  with  provisions 
for  future  automation.  Thermal  management  is  provided 
by  a  backside  support  plate,  with  built  in  heat  sink  for  the 
face  down  version,  and  by  a  thermal  transfer  block  in  the 
face  version.  This  technology  is  currently  in  develop¬ 
ment,  with  some  in  house  testing  performed,  but  no 
product  qualification  work  started. 

Technical  Description 

TRIBOTECH  modified  ceramic  package  approach  is 
designed  to  minimize  retooling  of  test  and  bum-in  boards, 
particularly  in  cases  where  this  investment  has  already 
been  made.  The  chip  is  interfaced  using  a  proprietary 
custom  contact  mechanism  integral  to  the  Temporary 
LeadPak  to  bring  the  signals  out  and  connect  to  the 
package  bondpads,  with  the  chip  held  between  a  heat  sink 
and  the  T-L/P.  Contact  normal  force  is  provided  by  an 
elastomer  and  support  plate  behind  the  T-L/P.  The 
assembly  is  held  in  place  by  a  spring  clip,  similar  toa 
conventional  lid  seal  station  clip.  An  airtight  seal  is 
formed  by  an  elastomer  ring..  The  entire  process  is  set  up 
to  use  standard  ceramic  packaging  and  handling  equip¬ 
ment,  without  requiring  major  investment  in  new  equip- 

*  ment  TRIBOTECH  offers  both  a  face  up  and  a  face 
down  version  of  this  technology.  At  a  maximum  force  of 
5  grams,  SEMs  of  bond  pads  indicate  negligible  damage 
(<20pmmark). 

V 

Readiness  Level 
Readiness  Category: 

TRIBOTECH  is  performing  in-house  alpha  testing. 


Equipment  status: 

No  special  equipment  is  required  for  the 
TRIBOTECH  carrier  assembly.  The  die  are  aligned  and 
placed  in  the  carrier  with  a  pick  and  place  system,  and  the 
lid  is  placed  using  package  “lidding”  equipment 

Process  status: 

There  is  no  die  processing  involved  other  than 
placement  into  the  carriers.  All  of  the  equipment  and 
processes  for  manufacturing  the  carriers  is  currently  in 
place  at  TRIBOTECH. 

Capacity  issues: 

After  a  small  quantity  build  for  qualification  (100 
pieces),  the  capability  for  producing  carriers  is  greater 
than  1000  per  week.  Lead  time  for  a  new  design  is  12  to 
16  weeks  ARO.  There  is  expected  variation  in  cost  for 
larger  quantities. 

Qualification  issues: 

In-house  testing  of  carrier  prototypes  has  been 
performed,  but  product  qualification  has  not  been  started. 

Alignment  Method 

Alignment  is  manual  optical,  with  provisions  for 
automation. 

Contact  Mechanism 

Proprietary  mechanism  in  T-L/P  provides  contact 
without  scrub  across  TAG  temperatures. 

Key  Features 

Approach  uses  a  standard  (ceramic)  package  for  each 
part  with  T-L/P  interfacing  the  die  and  package  bond 
pads.  Integral  heat  sink  provided. 

Noncompliance  with  Technology  Assessment 
Guidelines 

The  thin  ribbon  and  pin  contacts  provide  an  uncon¬ 
trolled  impedance  environment 
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Process  Flow  Description 


1.0  Begin  with  die  in  waffle  packs,  gel  paks,  or 

elastomeric  dicing  ring  and  membrane  ready  for  die 
bond. 


2.0  Load  die,  carriers,  package  T-L/P  assembly,  and 
spring  clips  into  assembly  station. 

3.0  Manual  die  prealign  or  pattern  recognition/preci¬ 
sion  station  place  and  vacuum  chuck  release. 


4.0  Orient  Mid  place  die  cm  carrier/package. 

5.0  Use  optical  pattemffco^itionsystem  to  align  T-L/ 
P  to  die  bond  pads;  bring  T-L^mtD-eoQtMM  with 
die  and  hold.  '  •  -  . 

6.0  Engage  spring  clip  while  holding  T-L/P  firmly  in 
place  against  mechanical  stop. 


7.0  Release  tension  on  T-L/P,  letting  spring  clip  hold  it 
in  place. 


8.0  Transport  assembly  to  continuity  check  station. 

9.0  Perform  continuity  check. 

9. 1  Disassemble  failed  assemblies  for  rework. 

10.0  Load  assembled  carriers  (Packages)  into  test  and/or 
bum-in  boards 

11.0  Perform  pretest,  test  or  bum-in. 

12.0  Remove  packages  from  test  or  bum-in  boards. 

13.0  Perform  additional  electrical  testing,  as  required. 
14.0  Load  parts  into  disassembly  station. 

15.0  Hold  down  T/LP  firmly  and  remove  spring  clip. 
16.0  Remove  T-L/P  with  spring  clip. 

17.0  Remove  die  from  carrier. 


18.0  Die  cleaning  (optional,  if  thermal  grease  was  used). 
19.0  Mark  and  pack  die  for  shipment. 

20.0  Return  carrier/package,  T-L/P,  and  spring  clip  for 
reuse. 


Advantages 

•  Piercing  action  may  enhance  contact  reliability. 

•  Better  than  average  compliance  for  reliable  contact 
tononplanardie. 

•  Thermal  management  integral  to  technology. 

•  Assembly  clamping  mechanism  is  integral  to  die 
alignment  and  placement  so  that  die  position  is 
maintained  during  assembly  and  disassembly. 


•  Assembly  provides  air  tight  seal  for  protection 
during  bum-in  and  test. 


Disadvantages 

•  See  also  Noncompuance  with  Technology  Assess¬ 
ment  Guidelines. 

Concerns 

•  Piercing  action  over  temperature  excursions  may 
introduce  unacceptable  amounts  of  pad  damage  for 
final  assembly  application. 

•  Probe  tips  may  require  more  maintenance  than 
average.  Cleaning  may  shorten  life  of  probes. 

•  Assembly  cycle  time  and  potential  for  damage  to 
contact  mechanism  is  uncertain.  May  be  complex 
assembly  to  automate. 


Equipment  Required 


Item 

Cost 

Throughput 

Pick  and  Place  System 

$170-$350K 

l-3.5K/hr 

Equipment  Required  for  Automated  Process 

For  the  face  up  application,  the  pick  and  place  system 
would  require  a  robot  wiiu  four  degrees  of  freedom  and 
two  end  effectors.  The  system  would  require  a  vision 
system  with  pattern  recognition  capabilities  for  use  in 
registering  the  die  to  the  T-L/P  within  the  needed  toler¬ 
ance.  Vertical  force  sensing  and  control  for  die  handling 
would  be  required.  The  lid  would  be  sealed  with  a  custom 
end  effector. 


Cost 


Cost  Factor 

Comment 

Cost 

Wafer  Processing 

$ 

Materials  Cost/Use 

Probe  tips  require  more 
maintenance  than  average 

$$ 

Assembly, 

Disassembly 

Cycle  time  and  potential 
for  damage 

$$ 

MCC  Cost  Judgement 

♦ 


♦ 
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Comments 


Supplier  Business  Information 

•  TRIBOTECH 

Mailing  address: 

P.O.Box  5030 
Wine  Valley  Unit 
Napa,  CA  94581-0030 

Plant  Address: 

100  Napa  Junction  Rd. 

American  Canyon,  CA  94588 
(707)  643-2148 

•  Primary  Business:  Machine  tools  and  accessories 

•  Total  Employees:  20 

•  1992  Sales:  $1.8M 


Contact 
Bud  Cain 

PHONE:  (707)643-2148 
FAX:  (707)643-7942 
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Supplier:  iTribotech 

Method:  Temporary 

Lead  Pak 

TAG  Requirements  1  Specification 

I  Meets  TAGi  Weight 

;  Score 

Rules 


BiPolar 


CMOS 


BICMOS 


Si  On  Insulator 


GaAs 


Accept 


I  Accept 


Accept 


Accept 


Accept 


Accept 


Accept 


Mixed 

Accept  ! 

1 

Memories 

Accept 

' 

Accept 


{Accept 


I  Accept 


Gate  Arrays  (Accept 

> 

ASICs  i  Accept 

> 

Peripheral  bond  pads  Accept 

> 

Array  pads  I  Accept 

> 

Bumped  die  {Accept 

> 

Device  T 


Wafer/Die  Size  Rules 


Size 


max.  aspect  ratio 


min.  size  tolerance 


die  thickness 


min.  thickness  tolerance 


Rules  Subtotal; 


I2.SK-500K  mil2 


3  to  1 


±0.5  mils  or  I 


110-30  mils 


i±1.0mils 


Water/Die  Size  Rules  Subtotal! 


Interconnect  Rules 


1C  Pad  pi 


Metallurgy  accepted 


required 


Interconnect  Rules  Subtotal 


Device  Design  Rules 


or  impact  required 


m  variation 


NO  planarity  degradation  of  die 


Al,  Au,  Solder 


NO  change  In  quaiity/retiabiti 


NO  chan 


Wafer  Fabrication  Rules 

, 

or  Impact  Required 


NO  chan 


Water /Die  Probe  Rules 


Does  NOT  Prohibit  Use  of  wafer  probe 


New  capital  equipment  required  by  fab 


Probe  contact  to 


ddama 


•II'MlM  !•? 1 


I  Wafer  probing  OK 


|  NO  new  equipment  req'd 


ion 

NO  probe  contact 

1 

per  Mil  spec  2010.6 


Wafer/Die  Probe  Rules  Subtotal 

Wafer  Mount  and  Saw  Rules 

I  NO  change  to  practices 


on  current  practices 


placement  of  d|  Does  NOT  require  +/-  0.5  mils 


Wafer  Mount  &  Saw  Rules  Subtotal 


Test  A  Bum  In  -  General  Rules 


BIST  Capable  I  YES 


Basic  function  test  YES 


simulation/connection  I  YES 
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TAG  Requirements 


Supplier:  iTribotech _ 


!  Specification 


Method:  Temporary  Lead  Pak 


!  Meets  TAG?  Weight 


Rc  compatible  w/  bandwidth 

:yes  i 

Backside  electrical  connection 

|YES  1 

Pin  1  Identifier  provided 

!yes  I  ' 

Contact  passivaion  wells  up  to  1 .5  pm 

YES  | 

Contact  passivaion  wells  up  to  8.0  pm  YES 


Test  &  Bum  In  -  General  Rules  Subtotal  j 


Low  VO  Test  Rules  i 


Carrier  Operation  Temperature 

0-125°C  i 

Contact  Resistance 

S0.5SI 

Min.  Clock  Freq 

100  MHz 

Pad  contact  (Peripheral,  array,  both) 

Both  | 

Pad  metallization  accepted(AI,Au,Solder) 

ALL 

Min.  pitch 

! 200pm 

Min.  pad  dimension 

100  pm 

Char.  Impedance 


;50£J  ±10% 


Both 


Carrier  Operation  Temperature  0-1 25°C 


Contact  Resistance  I  ^  0.5  O 


Min.  Clock  Freq  1 00  MHz 


Pad  contact  (Peripheral,  array,  both) 


Pad  metallization  accepted(AI,Au, Solder)  I  ALL 


Min.  pitch  15 


Min.  pad  dimension  !  75  pm 


Char.  Impedance  50Q  ±1 0% 


Bandwidth 


Power  handli 


Min.  number  of  touchdowns  /  die 


High  I/O  Test  Rules  Subtotal 


Bum  In  Rules 


Die  Temperature  max 


Bandwidth 

|500MHz  !  ' 

Power  handling  capacity 

3W/cm2  j  ' 

Min.  number  of  touchdowns  /  die 

2 

Low  I/O  Test  Rules  Subtotal 

i 

; 

High  I/O  Test  Rules 

i 

i 

500  MHz 

1 

10Af/cm2 

1 

2 

1 

Contact  Resistance 

si  0.5  £2 

Min.  Qock  Freq. 

20  MHz 

Pad  contact  (Peripheral,  array,  both) 

Both 

Pad  metallization  accepted(AI,Au, Solder) 

ALL 

Min.  pitch 

200pm 

Min.  pad  dimension 

100pm 

1 

Power  handling  capacity 

3  W/cm2  - 1 0W/cm2 

1 

Min.  number  of  touchdowns  /  die 

2 

> 

Bum  in  Rules  Subtotal 

: 

__ 

Pack  A  Ship  Rules 

1 

per  JEDEC  KGD  specification 


Inspection 


Allow  optical  inspection  of  device 


Score 


Y 

3  3 

Y 

3  j  3 

Y 

2  !  2 

Y  2  2 

Y 

1  1 

[TOTAL  SCORE 


i 
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YAMAICHI  ELECTRONICS,  INC. 


General  Information 

Yamaichi  is  developing  a  carrier  and  matching  socket 
to  address  the  KGD  market  The  earner  uses  a  derivative 
of  the  Nitto  Denko  AS  MAT  thin  film  interconnect 
Contact  to  the  die  is  made  using  the  non-scrubbing,  oxide 
piercing  bumps  which  are  an  integral  part  of  the  intercon¬ 
nect  Signals  are  fanned  out  for  socket  contact  by  the  thin 
film  material.  Alignment  is  a  manual  optical  operation 
and  thermal  management  occurs  through  an  incorporated 
heat  sink  mechanism.  This  technology  is  in  development 
with  in  house  testing  underway.  Plans  call  for  delivery  of 
prototypes  to  customer  test  sites  by  4Q93. 

Technical  Description 

Yamaichi  Electronics  has  developed  a  carrier/socket 
based  approach  to  providing  known  good  die  with  future 
applications  to  wafer  level  test  and  bum-in.  The  carrier 
contains  Nitto  Denko  ASMAT  thin  film  interconnect  to 


provide  electrical  connection  between  the  pads  on  the  die 
and  the  contacts  on  the  bum-in  and  test  socket  A  mecha¬ 
nism  within  the  carrier  is  used  to  align  the  die,  intercon¬ 
nect  and  the  mechanical  interface  to  the  socket.  The 
socket  lid  applies  a  controlled  force  to  the  die  while 
mating  it  properly  to  the  substrate.  The  system  incorpo¬ 
rates  heat  sink  capability  and  is  designed  to  be  reusable 
and  automatable  with  standard  die  pick  and  place  equip¬ 
ment  Data  from  Nitto  Denko  indicates  that  the  ASMAT 
die  contact  interface  provides  a  low  contact  resistance  (80 
milliohms)  at  30  grams  of  contact  force  per  pin.  Work  by 
Nitto  Denko  indicates  that  damage  to  aluminum  bond 
pads  due  to  contact  with  the  ASMAT  bumps  is  minimal. 
Thermal  life  of  the  interconnect  is  expected  to  be  high. 

Readiness  Level 

Readiness  Category: 

This  technology  is  in  development  In-house  testing 

and  product  refinement  is 
underway,  and  plans  for 
qualification  at  OEM  beta 
test  sites  are  in  place. 
Plans  call  for  delivery  of 
prototypes  to  these  sites 
by  the  end  of  1993. 

Equipment  status: 

A  manual  pick  and 
place  assembly  worksta¬ 
tion,  with  a  throughput  of 
5  to  6  die  pier  minute  is 
available  now,  and  an 
automatic  workstation 
with  an  expected  through¬ 
put  of  10  to  12  die  per 
minute  is  in  development 
Yamaichi  is  studying  the 
cost  effectiveness  of 
automating  this  assembly 
vs.  using  manual  assem¬ 
bly  stations.  If  the 
decision  to  proceed  with 
development  of  an 
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automated  station  is  made,  it  is  expected  to  be  ready  in 
3Q94. 

Process  status: 

The  Nitto  Denko  film  has  been  characterized  and  is 
ready  for  use.  The  current  assembly  process  for  proto¬ 
types  uses  a  single  step  snap  carrier  to  place  the  die  in 
alignment  with  the  ASMAT  film. 

Capacity  issues: 

Yamaichi  is  not  prepared  for  production  at  this  time; 
the  carrier  is  still  in  the  prototype  stage.  The  assembly 
process  is  being  defined  in  such  a  way  as  to  facilitate 
highly  automated  assembly.  The  intended  throughput  of 
a  manual  assembly  station  is  5  to  6  die  per  minute,  with 
an  automated  station  doubling  that  capacity. 

Qualification  issues: 

In-house  testing  of  contact  resistance  has  been 
performed,  but  final  qualification  of  this  product  has  not 
yet  begun. 

Alignment  Method 

Die  alignment  and/or  holding  features  will  be  used 
with  a  manual  or  automated  optical  loading  system. 

Contact  Mechanism 

Bumps  in  the  Nitto  Denko  ASMAT  film  make 
contact  similar  to  rivets  (Au  over  Ni)  by  penetrating  oxide 
without  scrubbing  motion. 

Key  Features 

Simple  carrier  approach  depends  on  ASMAT 
technology  from  Nitto  Denko. 

Noncompliance  with  Technology  Assessment 
Guidelines 

Die  are  handled  and  aligned  with  a  chip  holder  which 
cannot  accommodate  very  small  die.  (TAG  guidelines  say 
that  die  technology  will  accommodate  50  mil  die). 

Process  Flow  Description 

NOTE:  This  process  describes  the  assembly  and  use 
of  a  prototype  carrier,  and  does  not  represent  die  process 
for  the  final,  automatable  production  version. 


1 .0  Begin  with  die  on  wafer  tape  (sawn)  or  in  waffle 
pack  type  packaging. 

2.0  Assembly. 

2.1  Open  chip  retainer  spring  on  chip  holder 
assembly. 

2.2  Use  pick  and  place  equipment  to  place  chip 
(face  up)  in  chip  holder  assembly. 

2.3  Release  chip  retainer  spring,  clamping  die  in 
place  in  chip  holder. 

2.4  Place  ASMAT  film  over  carrier  base  and  chip 
holder  (bumps  down). 

2.5  Insert  chip  cover  through  fiducials  in  ASMAT 
film,  into  holes  in  chip  holder. 

2.6  Align  the  ASMAT  film  chip  carrier  by  optical 
alignment 

2.7  Place  carrier  cover  on  top  of  assembly  while 
vacuum  retention  holds  alignment 

2.8  Snap  on  carrier  lid. 

3.0  Use  carrier  assembly  directly  with  sockets  for  test 
and  bum-in. 

4.0  Disassembly. 

4.1  Remove  carrier  cover. 

4.2  Remove  film  contactor. 

4.3  Open  chip  retainer  spring  of  chip  holder  subas¬ 
sembly. 

4.4  Remove  die  and  place  in  packaging  for  delivery. 

4.5  Return  all  parts  of  carrier  for  re-use. 

Advantages 

•  Non-scrubbing  contact  may  minimize  pad  damage, 
assuming  excessive  force  is  not  required  to  over¬ 
came  non-planarity. 

•  Contact  materials  and  mechanism  has  been  charac¬ 
terized  by  Nitto  Denko  at  time  and  temperature. 

Disadvantages 

•  Assembly  cycle  time  expected  to  be  higher  than 
average. 

•  See  also  Non-Compliance  with  Technology 
Assessment  Guidelines 
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Concerns 


•  Non-scrubbing  action  may  affect  contact  reliability. 

•  Frequency  and  method  of  cleaning  contacts  is 
unknown.  If  cleaning  requires  scrubbing,,  it  may 
significantly  impact  lifetime  by  weakening  probe  tip 
to  interconnect  interface. 


Supplier  Business  Information 
•  Yamaichi 

1420  Koll  Circle,  Suite  3 
San  Jose,  CA 
(408)452-0797 


Equipment  Description  for  Automated  Process 

Fully  automated  system  is  awaiting  decision  on 
development 


•  Primary  Business: 

•  Total  Employees: 

•  1992  Sales: 


Cost 


Cost  Factor 

Comment 

Cost 

Wafer  Processing 

$ 

Materials  Cost/Use 

$ 

Assembly, 

Disassembly 

$ 

MCC  Cost  Judgement 

Comments 


Contact 
Bob  Million 

PHONE:  (408)452-0797 
FAX:  (408)452-0799 


Data  has  been  presented  which  verifies  low  resistance 
contacts  over  a  large  number  of  thermal  cycles. 


♦ 


* 


4 


s 
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Supplier:  Yamaichi 

Method: 

no  name 

TAG  Requirements  Specification 

Meets  TAG ? 

Weight 

Score 

Bipolar 

Accept 

> 

CMOS 

Accept 

BICMOS 

Accept 

> 

Si  On  Insulator 

Accept 

1 

3 

3 

2 

2 

_ 1 _ 

1 

Mixed 


Memories 


j  Accept 


|  Accept 


{Accept 


{Accept 


Accept 


MPUs 

Accept 

Y 

2 

2 

DSPs 

Accept 

Y 

2 

2 

{Accept 


Accept 


Accept 


(Accept 


Accept 


Accept 


Rules  Subtotal! 


Gate  Arrays 


ASICs 


Peripheral  bond  pads 


Array  pads 


Bumped  die 


Device  T 


Wafer/Die  Size  Rules 


Size 


max.  aspect  ratio 


min.  size  tolerance 


diethickness 


min.  thickness  tolerance 


Wafer/Die  Size  Rules  Subtotal 


Interconnect  Rules 


IC  Pad  planarity 


Metallurgy  accepted 


Metallurgy  Changes  required 


Interconnect  Rules  Subtotal 


Device  Design  Rules 


or  impact  required  { NO  chan 


I2.5K-500K  mil2 


3  to  1 


±0.5  mils  or  larger 


10  -30  mils 


±1.0  mils 


variation 


NO  planarity  degradation  of  die 


Ai,  Au,  Solder 


NO  change  in  quality/retiabili 


r  Fabrication  Rules 


or  Im 

pact 

Required 

|  NO  chan 

Wafer  /  Die  Probe  Rules 


Does  NOT  Prohibit  Use  of  wafer  probe 


New  capital  equipment  required  by  fab 


Probe  contact  to  passivation 


Acceptable  probe  pad  dama 


Wafer/Die  Probe  Rules  Subtotal 


Wafer  Mount  and  Saw  Rules 


on  current  practices _ 


Accuracy  required  for  edge  placement  of  di  Does  NOT  require  +/-  0.5  mils 


Wafer  Mount  &  Saw  Rules  Subtotal 


Teat  &  Bum  In  -  General  Rules 


|  Wafer  probing  OK 


[NO  new  equipment  req'd 


NO  probe  contact 


per  Mil  spec  2010.6 


|  NO  change  to  practices 


BIST  Capable 

YES 

Basic  function  test 

YES 

simulation/connection 

YES 
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TAG  Requirements  '  Specification 


ibid  w/  bandwidth  YES 


Backside  electrical  connection  YES 


Pin  1 1dentifier  provided  YES  _ 


Contact  passivaion  wells  up  to  1 .5  pm  YES  _ 


Contact  passivaion  wells  up  to  8.0  pm  |  YES 


Test  &  Bum  In  -  General  Rules  Subtotal 


Low  I/O  Test  Rules 


Carrier  Operation  Temperature  |0-125°C 


Contact  Resistance  |2  0.5  £2 


Min.  Clock  Freq  100  MHz 


Pad  contact  (Peripheral,  array,  both)  Both 


Pad  metallization  accepted(AI,Au,Solder)  {ALL 


Min.  pitch 


Min.  pad  dimension 


Char.  Impedance 


Bandwidth 


Power  handling  capacity 


Min.  number  of  touchdowns  /  die 


Low  I/O  Test  Rules  Subtotal 


High  I/O  Test  Rules 


Carrier  Operation  Temperature 


Contact  Resistance 


Min.  Clock  Freq 


Pad  contact  (Peripheral,  array,  both) 


Pad  metallization  accepted(AI,Au.Solde 


Min.  pitch 


Min.  pad  dimension 


Char.  Im 


Bandwidth 


Power  handling  capa 


Min.  number  of  touchdowns  /  die 


_  High  I/O  Test  Rules  Subtotal 


Bum  in  Rules 


Die  Temperature  max 


Ambient  temperature  max 


Contact  Resistance 


Min,  Clock  Freq. _ ( 20  MHz 

Pad  contact  (Peripheral,  array,  both)  j  Both 


Pad metalKzation  accepted(AI,Au, Solder)  [ALL 


Min.  pitch 


Min.  pad  dimension 


Power  handling  capa 


Min.  number  of  touchdowns  /  die 


Bum  In  Rules  Subtotal 


Pack  &  Ship  Rules 


200pm 


100  pm 


500+10% 


500  MHz 


0-125°C 


2  0.5  0 


100  MHz 


ALL 


150pm 


75  pm 


500110% 


MHz 


10W/cm2 


2 


175°C 


150°C 


2  0.5  0 


100  pm 


3  W/cm2  - 1 0W/cm2 


Method: !  no  name 


Meets  TAGn  Weight 


3 


I  3 


3 


!  3 


i  2 


Score 


3 


r  JEDECKGD 

tion 

lYES 
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Minimal  Package  Approaches  to  KGD 

Hughes  Aircraft 
Micro  SMT 

4  Northern  Telecom 
Tessera 


V 
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HUGHES  AIRCRAFT  COMPANY 

Testable  Ribbon  Bonding  (TRB) 


Hughes  Aircraft 


General  Information 

r 

The  Hughes  Testable  Ribbon  Bonding  (TRB) 
technology  is  being  developed  to  provide  a  quick  turn, 
soft  tooled  alternative  to  traditional  TAB  (Figure  25).  It 

*  involves  using  a  ribbon  bonder  to  bond  leads  from  the  die 

to  a  temporary  carrier  for  test  and  bum-in,  and  then 
cutting  the  leads  at  the  outer  lead  bond,  leaving  a  die  with 
ribbon  bonds  ready  for  placement  and  outer  lead  bonding. 
The  contact  mechanism  is  a  ribbon  bond,  and  alignment 
is  performed  by  the  ribbon  bonder.  Hughes  is  currently  in 
development  with  this  technology. 

Technical  Description 

The  Hughes  Testable  Ribbon  Bonding  (TRB™) 
system  provides  the  benefits  of  Tape  Automated  Bonding 
(TAB)  to  a  soft  tooled  environment  without  the  disadvan¬ 
tages  of  TAB.  The  TRB  system  uses  a  patented  lead 
forming  tool  to  allow  for  bonding  of  a  “ribbon”  (a  1  x  3 
mil  gold  wire)  to  the  peripheral  aluminum  bond  pads  of  a 
chip.  The  chip  is  bonded  to  a  disposable  carrier  fen-  test 
and  bum-in  using  normal  sockets  and  equipment,  and 
then  removed,  with  leads  intact,  fra-  delivery.  This 
technology  provides  low  NRE  costs,  quick-tum  around, 
and  eliminates  the  need  for  expensive  tooling. 

Readiness  Level 
Readiness  Category : 


In  development 
Equipment  status: 

The  only  processing  equipment  that  is  required  is  a 
ribbon  bonder  system  which  has  been  fitted  with  a 
Hughes  lead  forming  tool  The  die  are  removed  from  the 
carrier  using  a  laser  cutting  system  with  a  pick  and  place 
machine  to  load  the  die  into  delivery  packaging.  Subse¬ 
quent  die  handling  must  use  automated  pick  and  place 
equipment  and  TAB  compatible  outer  lead  braiding 
equipment  All  of  this  equipment  is  currently  commer¬ 
cially  available. 

Process  status: 

The  only  process  required  is  the  bonding  and  lead 
form,  which  is  ready  to  be  used. 

Capacity  issues: 

The  bonding  and  lead  framing  is  a  serial  procedure, 
creating  one  lead  at  a  time.  The  production  capacity  of 
this  procedure  is  governed  by  the  throughput  of  the 
ribbon  bonder. 

Qualification  issues: 

Hughes  has  been  using  prototype  ICs  to  develop  this 
technology  for  preparing  KGD.  The  carrier  qualification 
issues  to  be  addressed  are  simply  dealing  with  the  ability 
to  withstand  high  temperatures  during  die  test  and  bum-in 

regime,  since  die  contact 
mechanism  is  a  bonded 
ribbon. 

Alignment  Method 

Alignment  per¬ 
formed  by  ribbon 
bonding  equipment 

Contact  Mechanism 

TAB  like  ribbon 
bonds 

Key  Features 
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Hughes  Aircraft 


Patented  lead  forming  tool  used  to  create  formed 
ribbon  leads  with  low  NRE  costs  and  lead-time. 

Noncompuance  with  Technology  Assessment 
Guidelines 

This  is  essentially  a  TAB  based  packaging  technol¬ 
ogy  which  is  limited  to  use  with  die  which  have  periph¬ 
eral,  gold-bumped  or  A1  bond  pads. 

•  TAB  approach  means  that  die  with  area  array  pads 
cannot  be  burned-in  or  tested. 

•  Process  not  designed  to  convert  from  array  to 
peripheral  bond  pads. 

•  Cannot  accommodate  incoming  solder-bumped  die; 
TRB  process  not  defined  for  use  with  solder. 

The  TRB  technology  will  require  a  pad  larger  than  3 
mils  (75  microns)  due  to  die  ribbon  width. 

It  is  assumed  that  the  TAB-like  environment  will  be 
unable  to  achieve  50  ohm  controlled  impedance. 

Bonds  are  permanent  and  bond  pads  may  not  be  used 
in  future  assemblies.  This  is  counted  as  a  significant 
change  in  the  metal  and  limits  the  technology  to  a  single 
touchdown. 

Process  Flow 

1.0  Begin  with  bare  singulated  die,  probe  tested,  on 
wafer  tape  carrier  or  in  waffle  packs. 

2.0  Pick  and  place  die  onto  carrier,  applying  vacuum  to 
hold  chip. 

3.0  Use  auto  bonder  with  patented  forming  tool  to  bond 
and  lead  form  gold  ribbon  in  a  single  step. 

4.0  Apply  protective  cover  to  carrier  (optional). 

5.0  Bum-in  chips  in  carriers  using  conventional  bum-in 
equipment 

6.0  Test  chip  in  carrier  using  conventional  test  equip¬ 
ment  and  QFP  handlers. 

7.0  Cut  ribbon  leads  just  before  OLB  on  carrier  (use 
YAG  laser  or  wire-bonder  with  chisel  and  ultra¬ 
sonic). 

8.0  Place  leaded  chips  into  vacuum  release  Gel-Paks™ 
for  storage/shipment  to  customers. 

9.0  Dispose  of  carriers  (reclaim  gold) 


Advantages 

•  Permanent  bond  will  enhance  contact  reliability. 

•  Quick  tum-around,  low  NRE  cost  for  small  volume 
prototyping. 

•  Uses  mature  process  technologies. 

•  Compatible  with  existing  ribbon  bond  equipment 
Disadvantages 

•  Permanent  bond  will  limit  final  assembly  options. 

•  Technology  is  pitch  limited. 

•  High  volume  will  be  relatively  expensive  due  to 
cycle  times. 

•  Leads  are  exposed  and  fragile  after  excise  from 
carrier. 

•  See  also  Noncompuance  with  Technology  Assess¬ 
ment  Guidelines. 

Concerns 

•  Minor  bending  will  have  significant  impact  on  ease 
of  subsequent  assembly. 


Equipment  Required 


Item 

Cost 

Throughput 

Pick  and  place  system 

$150K 

2K/hr 

Ribbon  bonder  with 
lead  form  tool 

$120K 

1  wire/sec 

YAG  laser 

$120K 

®1  inch/10  sec 

Equipment  Description  for  Automated  Process 

The  pick  and  place  system  would  require  a  robot  with 
four  degrees  of  freedom  that  is  either  fully  automatic 
(pattern  recognition),  or  semiautomatic  (manual  fiducial 
entry).  The  system  would  require  a  vision  system  for  use 
in  registering  the  die  to  the  carrier  within  the  needed 
tolerance.  Vertical  force  sensing  and  control  for  die 
handling  would  be  required.  The  ribbon  bonder  must 
have  a  heated  platen  and  equipped  with  the  Hughes 
patented  lead  form  tool.  In  order  to  maintain  correct 
positioning,  a  YAG  laser  is  required  to  cut  the  gold 
ribbon  from  the  carrier. 
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Supplier:! 


TAG  Requirements 


Rules 


Hughes 


Specification 


!  Method:! Testable  Ribbon  Bondi 


i  Meets  TAG?,  Weight  I  Score 


BiPoiar 

1  Accept 

1 

CMOS 

Accept 

1 

BICMOS 


Si  On  Insulator 


GaAs 


ital 


Mixed 


Memories 


MPUs 


DSPs 


Gate  Arra 


ASICs 


Peripheral  bond  pads 


Array  pads 


Bumped  die 


Wafer/Die  Size  Rules 


Size 


max.  aspect  ratio 


min.  size  tolerance 


diethickness 


min.  thickness  tolerance 


Wafer/Die  Size  Rules  Subtotal 


Interconnect  Rules 


Planarity:  Pad  to  pad  height  variation 


1C  Pad  pi 


Metallurgy  accepted 


ired 


Interconnect  Rules  Subtotal 


Device 


et  required 


Accept 


Accept 


|  Accept 


Accept 


I  Accept 


Accept 


Accept 


Accept 


I  Accept 


Accept 


Accept 


Accept 


1  Accept 


I  Accept 


Accept 


ype 

Rules  Subtotal 

I2.5K-500K  mil2 


3  to  1 


±0.5  mils  or  larger 


10 -30  mils 


I  ±1.0  mils 


B3SD35 


m  variation 


NO  planarity  degradation  of  die 


Al,  Au,  Solder 


NO  change  in  quality/reiiability 


wrrmf 


NO  chan 


Wafer  Fabrication  Rules 


Required 


NO  chan 


Wafer  probing  OK 


NO  new  equipment  req'd 


NO  probe  contact 

1 

per  Mil  spec  201 0.6 

i  1 

Wafer  /  Die  Probe  Rides 


Does  NOT  Prohibit  Use  of  wafer  probe 


New  capital  equipment  required  by  fab 


Probe  contact  to  passivation 


Wafer/Die  Probe  Rules  Subtotal 


Wafer  Mount  and  Saw  Rules 


on  current  practices  INO  change  to  practices 


ired  for  edge  placement  of  dl  Does  NOT  require  + i-  0.5  mils 


Wafer  Mount  &  Saw  Rules  Subtotal 


Test  A  Bum  In  -  General  Rules 


BIST  Capable  YES 


Basic  function  test  YES 


simulation/connection  I  YES 


TAG  Requirements 


Rc  compatible  w/  bandwidth 


Backside  electrical  connection 


Pin  1 1dentifier  provided 


Contact  passivaion  wells  up  to  1 .5  pm 


Supplier:  I  Hughes 


Specification 


ES 


n  IYES 


!  YES 


o  1 .5  um  I  YES 


Method:  Testable  Ribbon  Bondin 


'  Merts  TAG?\  Weight 


3 


Score 


Carrier  Operation  Temperature 


Contact  Resistance 


0-125°C 


Is  0.5  O 


Pad  metallization  accepted(AI,Au, Solder) 


Bandwidth 


Power  handling  capa 


Min.  number  of  touchdowns  /  die 


Low  I/O  Test  Rules  Subtotal 


I/O  Test  Rules 


Carrier  Operation  Temperature 


Contact  Resistance 


Min.  Clock  Freq 


Pad  contact  (Peripheral,  array,  both) 


Pad  metallization  accepted(AI,Au, Solder) 


Min.  pitch 


Min.  pad  dimension 


Char.  Impedance 


Bandwidth 


Power  handling  capacity 


Min.  number  of  touchdowns  /  die 


High  I/O  Test  Rules  Subtotal 


Bum  In  Rules 


Die  Temperature  max 


Ambient  temperature  max 


Contact  Resistance 


Min.  Clock  Freq. _ 


Pad  contact  (Peripheral,  array,  both) 


Pad  metallization  accepted(AI,Au,Soider) 


Min.  pitch 


Min.  pad  dimension 


Power  handling 


Min.  number  of  touchdowns  /  die 


Bum  In  Rules  Subtotal 


Pack  &  Ship  Rules 


per  JEDECKGD 


3W/cm2 


2 


0-125°C 


£0.50 


100  MHz 


Both 


ALL 


150pm 


500  ±10% 


500  MHz 


lOW/cm 2 


2 


Test  &  Bum  In  -  General  Rules  Subtotal  | 

Low  I/O  Test  Rules  1 

Min.  Clock  Freq 

100  MHz 

Pad  contact  (Peripheral,  array,  both) 

Both 

Min.  pitch 

200pm 

Min.  pad  dimension 

100  pm 

Char.  Impedance 

500  ±10% 

175°C 


150°C 


£0.5  0 


20  MHz 


Both 


ALL 


200pm 


100  pm 


3  W/cm2  - 1 0W/cm2 


2 


uEH 

ication 

IYES 

Micro  SMT 


MICRO  SMT/JOHNSTECH 

SMT  Die  Package/Socket 


General  Information 

A  minimal  packaging  approach  which  encapsulates 
the  die  in  micro-fabbed  SMT  packages  and  relies  on  fine 
pitch  sockets  from  Johns  tech  International  is  proposed  by 
Micro  SMT  to  provide  fully  tested  die  in  a  small,  thin, 
SMT  style  package.  The  Micro  SMT  process  provides 
plated  silicon  pillars  as  surface  mount  style  contacts,  and 
the  die  are  directly  inserted  into  sockets  from  Johnstech 
for  test  and  burn-in.  These  die  may  be  shipped  to  custom¬ 
ers  for  direct  insertion  in  existing  (fine  pitch  capable) 
surface  mount  assembly  operations,  and  may  also  be  re¬ 
screened  in  sockets  at  the  customer  site.  The  Johnstech 
socket  uses  a  metallic  contact  pin  with  scrubbing  action  to 
make  contact  to  the  die  package  contacts  with  mechanical 
alignment  (Figure  26).  The  backside  of  the  die  is  used  for 
the  new  contact  points,  and  the  front  of  the  die  is  coated 
with  epoxy;  thermal  management  may  be  provided  by  an 
optional  heat  sink  which  is  attached  to  a  cap  over  the 
epoxy  coat  Micro  SMT  is  in  development  of  this  technol¬ 
ogy  for  VLSI  components.  It  has  previously  been  quali¬ 
fied  for  small,  low  pin  count  components.  Initial  packag- 


Figure  26.  Johnstech  Short  Contact  Technology 


ing  reliability  testing  of  the  package  have  been  performed 
at  a  customer  site.  The  issue  of  availability  of  suitable 
sockets  appears  to  be  resolved  by  sockets  designed  and 
fabricated  by  Johnstech  International,  That  firm  has 
indicated  it’s  capability  to  fabricate  both  single  and 
multiple  site  sockets  which  accommodate  the  Micro  SMT 
package  style. 

Technical  Description 

Micro  SMT  performs  additional  wafer  processing  to 
create  a  die  in  a  micro-fabbed  package  with  peripheral 
SMT  style  leads  fabricated  directly  onto  the  die  (Figure 
27).  The  die  itself  is  completely  encapsulated  during  the 
process.  The  method  does  not  directly  address  the 
handling  or  test  and  bum-in  issues  which  arc  normally  a 
part  of  die  KGD  problem.  The  process  instead  ruggedizes 
the  chips  by  packaging  than  in  a  micro  fabricated  SMT 
style  format,  so  they  can  be  handled  effectively  in  a 
production  environment  The  process  provides  a  hard 
contact  surface  that  can  be  probed  without  significant 
damage  and  maintains  tight  planarity.  Micro  SMT  has 
received  assurances  from  equipment  suppliers  that 
standard  SMT  equipment  for  handling,  test  and  bum  in 
can  and  will  be  scaled  down  to  accommodate  the  new 
package  type. 

The  acceptable  wafer  finishes  would  include  Nitride 
or  other  material  that  acts  as  a  good  moisture  harrier.  The 
epoxy  overcoat  material  applied  to  the  wafer  surface  is 
the  same  used  in  TAB.  A  cap  is  then  applied  over  the 
epoxy  to  further  protect  the  die.  No  bond  pads  are 
required.  Vias  are  required  on  a  minimum  pitch  of  2  mil 
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4 


«L 


and  can  be  located  anywhere  on  the  die. 

After  the  die  are  processed  and  separated,  they  are 
ready  for  insertion  into  the  Johnstech  sockets  for  test  and 
bum-in  and  delivery  as  fully  tested,  packaged  compo¬ 
nents.  These  components  are  then  ready  for  direct 
insertion  in  a  fine  pitch  surface  mount  board  assembly 
process. 

Readiness  Level 
Readiness  Category: 

In  development;  samples  of  both  die  and  sockets 
have  been  delivered  to  customers. 

Equipment  Status: 

Micro  SMT  is  prepared  to  produce  prototype  quanti¬ 
ties  of  Micro  SMT  packaged  VLSI  components,  but  is 
not  yet  capable  of  large  production  quantities.  Equipment 
is  currently  in  place  for  3  inch  diameter  wafers,  and  plans 
are  to  expand  the  line  capability  to  4  inch  by  January 
1994.  Larger  wafers  must  be  sectioned  for  processing 
with  existing  equipment,  which  limits  production  vol¬ 
umes.  Flans  for  volume  production  of  larger  wafers  (4", 
5",  6")  call  for  that  equipment  to  be  in  place  in  1994. 

Johnstech  is  prepared  to  produce  prototype  quantities 
of  machined  sockets,  both  for  single  site  and  multiple  site 
configurations,  but  production  quantities  would  require 
tooling  of  molded  socket  components. 

Process  Status: 

The  wafer  processing  steps  have  been  completely 
developed.  Once  the  die  are  “packaged”  in  the  Micro 
SMT  format,  they  may  be  handled  in  a  manner  identical 
to  existing  packaged  parts,  using  the  Johnstech  sockets 
for  test  and  burn-in.  The  parts  would  then  be  mounted  on 
printed  circuit  boards  using  an  advanced  SMT  process 
(current  SMT  placement  equipment  considers  12  mils  as 
“fine  pitch.”) 

Capacity  Issues: 

Equipment  limitations  restrict  production  of  Micro 
SMT  parts  to  50  wafers  per  day,  independent  of  how 
many  die  are  cm  the  wafer.  If  large  wafers  must  be 
sectioned,  each  section  must  be  treated  as  a  wafer. 

Qualification  Issues: 

The  Micro  SMT  packaging  format  presorts  a  host  of 
issues  for  product  qualification,  including  reliability 
without  nermeticity.  Limited  evaluations  have  been 
performed  at  customer  sites,  but  no  definite  qualification 


testing  or  bum- in  yield  comparisons  have  been  performed 
to  qualify  this  product  for  VLSI  applications.  The 
discrete  applications  have  been  qualified  to  Mil-Std-883 
level  B  by  several  customers  since  1990. 

Sockets  from  Johnstech  have  been  tested  for  continu¬ 
ity  and  contact  resistance,  and  the  materials  have  been 
selected  for  use  in  high  temperature  environments. 
Evaluations  for  specific  designs  of  the  MicroSMT  VLSI 
sockets  have  not  yet  been  performed. 

Alignment  Method 

Reticle  alignment  in  photolithography  system  for  the 
Micro  SMT  fabrication  process.  Alignment  of  the  Micro 
SMT  packaged  components  in  the  Johnstech  sockets  is 
mechanical. 

Contact  Mechanism 

Plated  Metallization  to  die  bond  pads  creates  new, 
enlarged  contact  surfaces  of  “hard”  metallization  for 
contact  in  the  sockets. 

Key  Features 

The  Micro  SMT  process  creates  a  very  small  SMT 
package  for  any  individual  integrated  circuit  die.  The 
Johnstech  sockets  provide  reliable,  high  performance 
sockets  for  use  with  the  micro  packaged  die. 

Noncompuance  with  Technology  Assessment 
Guidelines 

This  is  essentially  a  packaging  technology.  Much  of 
the  Technology  Assessment  Guidelines  does  not  apply. 

Process  Flow  Description 
1.0  Begin  with  Bare  Finished  Wafer 
2.0  Micro  SMT  packaging  process: 

2. 1  Remove  oxide  and  epitaxial  silicon  from  wafer 
scribe  area 

2.2  Form  metal  connections  in  scribe  line. 

2.3  Scribe  line  etch  to  create  Si  pillars. 

2.4  Epoxy  coat  top  side  of  wafer. 

2.5  Thinning. 

2.6  Wafer  Marking  to  identify  die. 
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2.7  Isolated  contact  deposition 
28  Deposit  barrier  and  finishing  metals 

2.9  Wafer  sort  test 

2. 10  Wafer  saw 

2. 1 1  Placement  in  temporary  packaging  or  handling 
trays. 

3.0  Remove  parts  from  handling  tray,  place  into  bum-in 
sockets. 

4.0  Place  in  oven(s)  and  perform  bum-in. 

5.0  Remove  from  bum-in  board  sockets,  place  into  tester 
socket  &  test 

6.0  Placement  in  delivery  carriersAape  load 
Advantages 

•  Permanent  bond  will  enhance  contact  reliability. 

•  Minimal  package  provides  added  protection  against 
handling  and  environmental  damage. 

Disadvantages 

•  Permanent  bond  will  limit  final  assembly  options. 

•  Additional  wafer  processing  will  significantly 
increase  wafer  fabrication  costs,  and  introduce 
defects. 

•  Wafer  scribe  streets  are  not  available  for  test 
structures. 

•  Technology  is  pitch  limited. 

Concerns 

•  Minimal  packaging  does  not  fit  intent  of  known 
good  die. 

•  SMT  processes  may  not  be  able  to  accommodate  the 
most  aggressive  geometries  on  these  packages. 

•  The  Micro  SMT  process  is  quite  different  from 
standard  processes;  optimization  and  qualification 
are  expected  to  be  issues. 

•  Process  may  require  wider  than  desired  scribe  streets 
which  may  limit  the  total  number  of  die  per  wafer. 

Equipment  Description  for  Automated  Process 

The  wafer  processing  for  creating  SMT  style  leads 
requires  standard  thin  film  and  photolithographic  equip¬ 
ment  To  coat  the  top  side  of  the  wafer,  an  epoxy  dis¬ 
penser  with  a  three  axis  positioner  with  a  positive  dis¬ 
placement  pump  would  be  desirable.  The  wafer  saw 
station  consists  of  a  wafer  mounter,  wafer  saw,  and  wafer 
cleaner. 


Equipment  Required 


Item 

Cost 

Throughput 

Barrier  coat  system 

$700K 

Photo  lithography  station 

$875K 

Etch  system 

$50K 

Furnace 

$50K 

Metallization  (sputter) 

$1M 

Resist  strip  system 

$50K 

Epoxy  dispenser 

$75K 

Wafer  saw  station 

$50K 

10  wafers/hr. 

Comments 

This  approach  to  KGD  seems  best  suited  to  extending 
existing  surface  mount  assembly  operations  to  their 
physical  limitations.  The  very  fine  pitch  requirement 
implies  that  the  user  of  this  technology  employ  “state  of 
the  art”  SMT  part  alignment  and  placement  equipment  to 
obtain  the  benefits  of  this  technology. 

Supplier  Business  Information 

•  Micro  SMT,  IncTM-Pulse 
576  Charcot  Avenue 
San  Jose,  CA  95131 
(408)  432-1480 

•  Primary  Business:  Semiconductors 

•  Total  Employees:  30 

•  1992  Sales:  S2.5M 

Contact 

Don  Richmond 
PHONE:  (408)432-1480 
FAX:  (408)432-3440 

Additional  Supplier  Business  Information 

•  Johnstech  Int’L 

2800  Anthony  Lane  NE 
Minneapolis,  MN  55418 
(612)  927-0485 

•  Primary  Business:  Short  contact  high-performance 

test  sockets 

Contact 

David  L.  Senum 
PHONE:  (612)927-0485 
FAX:  (612)781-2584 


132 


NORTHERN  TELECOM 

Frame  Automated  Wire-bonding 


Northern  Telecom 


General  Information 

Frame  Automated  Wire-bonding  (FAW)  is  a  KGD 
method  which  minimizes  the  resources  required  to 
achieve  IC  testability  by  maximizing  utilization  of 
existing  resources.  This  technology  was  recently  de¬ 
scribed  in  a  presentation  to  the  International  Electronics 
Packaging  Society1.  The  FAW  approach  is  a  carrier  based 
approach  which  wire-bonds  the  die  into  a  temporary 
carrier  for  test  and  bum-in  (Figure  28),  then — after  the  die 
has  been  shipped  in  the  temporary  carrier — cuts  the  wire- 
braids  (Figure  29),  providing  a  fully  tested  die  with  wire- 
bonds  already  attach'd  to  the  bond  pads.  The  die  may 
then  be  placed  and  outer  lead  bonded  using  the  existing 
leads  (Figure  30).  Thr  contact  mechanism  is  a  wire-bond, 
alignment  is  a  function  of  the  w;re  nonder,  and  thermal 
management  is  performed  by  the  carrier  aad  the  tempo¬ 
rary  die  attach  material.  This  technology  is  not  currently 
in  use,  but  is  available  for  use,  and  little  development 
effort  would  be  required  to  bring  it  into  production. 

Technical  Description 

Simplicity  of  operations  and  use  of  common  wire¬ 
bonding  equipment,  reusability,  and  use  of  existing  test 
and  burn-in  resources  are  key  points  in  the  Northern 
Telecom  Frame  Automated  Wire-bonding  KGD  method. 
Five  key  concepts  together  comprise  the  elements  of  this 


Materials  according  to  appkctlior 


Excefant  Testability 

Figure  28.  IC  is  wirebonded  into  carrier,  which  also 
serves  as  the  shipping  container. 


system: 

•  Reuseable,  standardized  family  of  temporary  test 
earners 

•  Use  of  existing  automatic  handling  systems  and 
standard  test/bum-in  sockets. 

•  The  use  of  a  wire-bonder  as  a  multiaxis,  pattern 
recognition  assisted,  programmable  machine  tool  to 
consistently  make  and  cut  the  short,  low-profile 
wire-bonds  which  connect  the  IC  to  the  test  carrier. 

•  The  use  of  a  wirebonder  to  “skive  off’  the  wire- 
bond  stubs  from  the  test  carriers  so  that  the  carriers 
may  be  reused  (Figure  31). 

•  The  use  of  single  point  wirebraiding  to  perform  final 
IC  attach  to  substrate  in  face  up  or  face  down 
configuration. 

This  KGD  approach  involves  wire-bonding  die  into 
low-cost  temporary  test  carriers  (these  carriers  may  be 
made  in  many  configurations,  but  rather  FR4  or  ceramic 
seem  the  most  applicable)  for  test  and  bum-in,  then 
cutting  the  wire  leads,  leaving  a  die  with  wires  bonded  to 
each  pad.  The  die  may  then  be  placed  onto  a  substrate  in 
rather  a  face  up  or  face  down  configuration,  and  a  single 
point  wire-bonder  is  then  used  to  bond  the  end  of  each 
wire  to  the  substrate.  The  figures  provided  show  the  die 
being  placed  in  recesses  on  both  the  carrier  and  the 
substrate,  but  this  is  not  necessary  for  all  applications.  Die 
attach  to  the  substrate  is  left  as  an  open  choice  for  the  end 


Um  auto  wirabondar  a*  progntmmabla  machina  tool. 

Z-axis  cut  and  short  leads  obviate  bent  lead  problems. 

Gang  tool  to  cut  savaraVmany  loads  sirmritanaously? 

Figure  29.  Chip  is  removed  by  cutting  wires 


'  “Front  Automated  Wire-bonding:  A  TAB  equivalent  for  multichip  module  assembly  ",  John  C.  Walker,  Proceedings  of  the  1EPS 1992.  pp.  389 
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Carriers  Recycled  lor  Multiple  Use 
(Augurs  tor  Standard  Carriers  plus  deposit  to  Promote  Carrier  Recycling) 

Figure  31.  Carriers  may  be  recycled 


user  to  select  A  number  of  choices  are  available  from 
using  vacuum  hold-down  to  reworkable  polymers  and 
thermo  plastics.  Thermal  management  is  the  key  factor  in 
this  selection,  and  also  is  a  driver  in  the  design  of  the  test 
carrier. 

Readiness  Level 
Readiness  Category: 

Ready  for  production,  but  not  currently  in  use. 

Equipment  Status: 

All  equipment  required  is  common  wirebonding  ami 
handling  equipment 

Process  Status: 

Wire-bond  processes  are  fully  established  and 
qualified  at  all  major  IC  vendors;  wire  cutting  is  done 
with  wire-bonder  also,  using  a  chisel  point  head  and  z- 
axis  cutting  motion. 

Capacity  issues: 

Throughput  is  a  function  of  wire-bonder  activity;  the 
bonder  must  be  used  to  bond  ICs  into  the  test  carriers,  to 
cut  the  leads  after  test  and  bum-in,  and  to  rebond  the 
wires  in  the  final  application. 

Qualification  issues: 

Although  wire-bonding  processes  are  routinely 
qualified  at  most  IC  vendors,  this  particular  procedure  for 
KGD  has  not  been  qualified.  This  method  is  not  currently 
in  use  by  Northern  Telecom. 


Alignment  Method 

The  wire-bonder  performs  alignment  with  automatic 
optical  system. 

Contact  Mechanism 
Wire-bond 

Key  Features 

Low  cost  of  entry,  exclusive  use  of  wire-bonding 
equipment  and  processes,  and  low-cost  temporary  test 
carriers. 

Noncompuance  with  Technology  Assessment 
Guidelines 

This  is  essentially  a  wire-bond  based  packaging 
technology  which  is  limited  to  use  with  die  which  have 
peripheral,  Au  or  A1  bond  pads. 

•  Wire  bond  approach  means  that  die  with  area  array 
pads  cannot  be  bumed-in  or  tested 

•  Process  not  designed  to  convert  from  array  to 
peripheral  bond  pads. 

•  Cannot  accommodate  incoming  solder-bumped  die; 
process  not  defined  for  use  with  solder. 

Wire  bonding  is  an  uncontrolled  impedance  environ¬ 
ment.  However,  it  should  be  noted  that  wires  used  in  this 
method  are  extremely  short,  minimizing  the  unshielded 
electrical  path. 

Bonds  are  permanent  and  bond  pads  may  not  be  used 
in  future  assemblies.  This  is  counted  as  a  significant 
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change  in  the  metal  and  limits  the  technology  to  a  single 
touchdown. 

Process  Flow  Description 

I. 0  Begin  with  die  (sawn)  on  wafer  tape  or  in  waffle 

packs 

10  Pick  and  place  die  into  carrier  recess  (die  attach?) 

3.0  Optically  reference  die  in  carrier 

4.0  Sequentially  wire-bond  each  bond  pad  to  carrier  pad. 

5.0  Apply  protective  cover  or  encapsulation  to  carrier 
(optional) 

6.0  Follow  normal  test  and  bum-in  procedures 

7.0  Ship  IC  in  temporary  test  carrier 

8.0  Optically  reference  die  in  carrier  (using  wire-bonder) 

9.0  Sequentially  cut  each  wire-bond  lead 

10.0  Remove  die  from  carrier,  place  into  final  assembly 
location,  and  use  single  point  bond  attach. 

I I . 0  Either  by  using  a  second  bonder  or  by  replacing  head 

in  original,  “skive  off’  the  wire-bonds  from  the 
carrier  bond  pads  to  prepare  the  carrier  for  reuse. 

This  step  is  accomplished  by  setting  the  bonder  head 
flat  against  or  close  to  the  substrate  surface  and  using 
a  horizontal  motion  to  shave  the  excess  metal  away 
from  the  surface. 

12.0  Return  carriers  for  reuse. 

Advantages 

•  Permanent  bond  will  enhance  contact  reliability. 

•  Quick  tum-around,  low  NRE  cost  for  small  volume 
prototyping. 

•  Uses  mature  process  technologies. 

•  Compatible  with  existing  wire  bond  equipment 

•  Face  down  bonding  allows  uniform  ground  plane 
placement 

Disadvantages 

•  Permanent  bond  will  limit  final  assembly  options. 

•  High  volume  will  be  relatively  expensive  due  to 
cycle  times. 

•  Wires  are  exposed  and  fragile  after  excise  from 
carrier 


•  See  also  Noncompuance  to  Technology  Assess¬ 
ment  Guidelines. 

Concerns 

•  Minor  bending  will  have  significant  impact  on  ease 
of  subsequent  assembly;  wires  will  be  difficult  to 
keep  in  position  as  and  after  they  are  cut  from 
carrier. 

Equipment  Required 

•  Pick  and  place  system 

•  Automatic  or  semiautomatic  wirebonder 

Cost 

Cost  modeling  performed  by  Northern  Telecom 
indicates  that  frame  wire-bonding  offers  at  least  cost 
parity  with  PLCC  packaging  with  equivalent  levels  of  test 
and  bum-in. 

Comments 

This  is  (me  of  the  approaches  which  offers  a  method 
for  IC  vendors  to  enter  the  KGD  marketplace  without 
having  to  invest  significant  resources  to  do  so.  It  leaves 
wire-bonds  on  the  die,  which  dictates  the  nature  of 
subsequent  processing  and  module  bond  configurations. 

Supplier  Business  Information 

•  Northern  Telecom 
P.O.  Box  3511  Station  C 
Ottawa,  Ontario 
Canada  K1Y4H7 

•  Primary  Business:  T elecommunications 

•  Number  of  Employees: 

•  1992  sales: 

Contact 

John  C.  Walker 
Northern  Telecom 
Ottawa,  Canada 
PHONE:  (613)763-5201 
FAX:  (613)  763-5692 
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Supplier: 

Northern  Telecom 

Method: 

Frame  Automated  Wirei 

TAG  Requirements 

Specification 

Meets  TAG? 

Weight 

Score 

BiPoiar 


CMOS 


Accept 


jAccept 


BICMOS 

Accept  ' 

Si  On  Insulator 

'Accept  1 

GaAs 

[Accept  ' 

Accept 

1 

Accept 

> 

Mixed 


Memories 


MPUs 


DSPs 


Gate  Arrays 


ASICs 


Peripheral  bond  pads 


Array  pads 


Bumped  die 


Device  T 


Wafer/Die  Size  Rules 


Size 


max  aspect  ratio 


min.  size  tolerance 


diethickness 


min.  thickness  tolerance 


Wafer/Die  Size  Rules  Subtotal 


Interconnect  Rules 


Accept 


t 


Accept 


Accept 


t 


Accept 


Accept 


Accept 


Accept 


Accept 


Rules  Subtotal 


2.5K-500K  mil2 


3  to  1 


±0.5  mils  or  larger 


mils 


±1.0  mils 


1C  Pad  pi 


Metallurgy  accepted 


Metallurgy  Changes  required 


Interconnect  Rules  Subtotal 


Device  Design  Rules  _ 


or  impact  required 


Wafer  Fabrication  Rules 


or  Impact  Required 


variation 


NO  planarity  degradation  of  die 


Al,  Au,  Solder 


NO  change  in  quaiity/reliabili 


1  Wafer  probing  OK 


NO  new  equipment  req'd 


NO  probe  contact 


per  Mil  spec  2010.6 


Wafer  /  Die  Probe  Rules 


Does  NOT  Prohibit  Use  of  wafer  probe 


New  capital  equipment  required  by  fab 


Probe  contact  to  passivation 


robe  pad 


Wafer/Die  Probe  Rules  Subtotal 


Wafer  Mount  and  Saw  Rules 


Impact  on  current  practices  _ [NO  change  to  practices 


placement  of  dj  Does  NOT  require  +/-  0.5  mils 


Wafer  Mount  &  Saw  Rules  Subtotal 


Test  ft  Bum  In  -  Genera)  Rules 


e  YES 


Basic  function  test  YES 


simulation/connection  YES 
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Supplier: 

Northern  Telecom 

Method: 

Frame  Automated  Wirel 

TAG  Requirement 


Rc  compatible  w /  bandwidth 


I  Specification 


YES 


i  Meets  TAG?  Weight  i  Score 


Backside  electrical  connection 

YES 

\ 

3 

3 

Pin  1 1dentifier  provided 

YES 

> 

3 

3 

Contact  passivaion  wells  up  to  1 .5  pm 


Contact  passivaion  wells  up  to  8.0  pm 


Test  &  Bum  In  -  General  Rules  Subtotal 


Low  I/O  Test  Rules 

Carrier  Operation  Temperature 

0-125°C 

Contact  Resistance 

£0.50 

Pad  contact  (Peripheral,  array,  both) 


Pad  metallization  accepted(AI,Au, Solder) 


Min.  pad  dimension 


Char.  Impedance 


Bandwidth 


Power  handling  capacity 


Min.  number  of  touchdowns  /  die 


Low  I/O  Test  Rules  Subtotal 


High  I/O  Test  Rules 


Carrier  Operation  Temperature 


Contact  Resistance 


Min.  Clock  Freq 


Pad  contact  (Peripheral,  array,  both) 


Pad  metallization  accepted(AJ,Au, Solder 


Min.  pad  dimension 


Char.  I 


Bandwidth 


Power  handling  capacity 


Min.  number  of  touchdowns  /  die 


High  I/O  Test  Rules  Subtotal 


Bum  In  Rules 


Die  Temperature  max 


Contact  Resistance 

£  0.5  Si 

Min.  Clock  Freq. 

20  MHz 

Pad  contact  (Peripheral,  array,  both) 

Both 

Pad  metallization  accepted(AI,Au, Solder) 

ALL 

Min.  pitch 

200pm 

Min.  pad  dimension 

100  pm 

Power  handing  capacity 

3  W/cm2  - 1 0W/cm2 

Min.  number  of  touchdowns  /  die 


Bum  In  Rules  Subtotal 


Pack  &  Ship  Rules 


per  JEOEC  KGD  specification 


TOTAL  SCORE 


Tessera 


TESSERA  ASSOCIATES 

Compliant  Chip 


General  Information 

Tessera  Associates  is  currently  developing  a  KGD 
technology  known  as  the  Tessera  Compliant  Chip  (TCC). 
This  is  a  minimal  packaging  approach  based  on  bonding  a 
thin  film  rerouting  layer  to  the  chip  bond  pads,  which 
provides  area  array  contacts  to  die  die  bond  pads,  with  a 
compliant  elastomer  '‘sandwiched’’  between  the  chip  face 
and  die  thin  film  (Figures  32  &  33).  These  die  may  then 
be  placed  face  down  against  a  PGA  style  carrier  and 
secured  with  a  clamp/support  plate,  which  also  saves  as  a 
heat  spreader.  Contact  to  the  die  is  a  bond  similar  to  a 
TAB  inner  lead  bond,  and  contact  to  the  carrier  is  a 
Nickel/Gold  bump  interfaced  to  a  gold  pad  on  the  carrier. 
Alignment  is  mechanical,  mid  thermal  management  is 
provided  by  die  clamp/support  plate.  This  technology  is 
in  development,  with  prototypes  having  been  demon¬ 
strated.  Product  qualification  is  planned  for  2Q94. 

Technical  Description 

The  TCC  technology  is  a  micro  packaged  die  with  a 
ball  grid  array  interface  to  uie  next  level  interconnect  No 
after-fab  wafer-processing  is  required.  The  TCC  ap¬ 
proach  uses  flex  circuitry  to  route  the  electrical  signal 
path  from  cotter  or  peripheral  die  bond  pads  to  an  array 
of  nickel/gold  bumps.  The  flex  is  attached  to  the  die  with 
an  elastomer  layer  which  also  provides  compliancy  for 
die  bump  normal  fence  in  a  carrier.  Bond  pad  leads 
fabricated  on  the  flex  circuit  are  bonded  to  the  die  bond 
pads  in  a  process  similar  to  TAB  inner  lead  bonding.  The 
chip  backside  is  completely  available  for  thermal  man¬ 
agement,  and  the  flex  circuit  interfaces  the  IC  to  substrate, 
with  the  elastomer  providing  a  thermal  insulator  between. 


Figure  33.  Tessera  Compliant  Chip 


The  leads  of  the  flex  circuit  which  are  bonded  to  the  die 
pads  are  allowed  to  bend,  absorbing  die  expansion  and 
contraction  of  die  IC  through  thermal  excursions,  while 
the  flex  is  interfaced  to  substrate  through  the  nickel/gold 
bumps.  The  flex  circuit  is  expected  to  absorb  any 

-  expansion  or  contraction  of  the  substrate.  A 

PGA  style  carrier  has  been  developed  for 
test  and  bum-in  of  ICs  with  the  nickel/gold 
Bastomer  bumps  on  flex  interfacing  to  gold  plated 
Bump  Array  bond  pads  cxi  the  socket,  and  the  elastomer 
providing  the  compliance  and  normal  face. 
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Readiness  Level 
Readiness  Category : 

In  development 
Equipment  Static: 

» 

All  equipment  required  for  the  TCC  die  micro 
packaging  is  now  in  place  at  Tessera,  and  certain  pieces 
of  tins  equipment  are  being  optimized  for  production 
4  throughput  increases. 

Process  Status: 

The  TCC  uses  flex  circuit  to  route  signals  to  ball  grid 
array.  Beading  processes  similar  to  TAB  inner  lead 
bonding  processes  to  create  the  micro  packaged  die.  KGD 
carrier  assembly/disassembly  is  currently  a  manual 
operation. 

Capacity  issues: 

Tessera  is  currently  producing  about  50  parts  per 
week  at  their  facility,  and  plans  to  continue  to  use  their 
own  facilities  (a  30,000  sq.  ft  fab  facility  has  been 
established  which  is  now  operational)  for  prototypes  and 
early  build  requirements.  Volume  pro  duction  of  TCC 
micro  packaged  die  would  be  licensed  to  a  volume 
manufacturer. 

Qualification  Issues: 

Preliminary  reliability  testing  has  already  been 
performed  with  good  results  (this  information  has  been 
published  by  Tessera),  and  a  full  qualification  plan  is  in 
place.  The  parts  build  for  the  qualification  work  is 
currently  underway. 

Alignment  Method 

The  flex  circuit  reroutes  the  die  bond  pads  to  bump 
arrays  on  0.5  mm  to  1.25  mm  pitches,  which  is  easily 
aligned  using  mechanical  placement  mechanisms. 

Contact  Mechanism 

Pressure  contacts  of  nickeVgold  TCC  bumps  on  gold 
{dated  pads  of  PGA  style  carrier. 

4. 

Noncompliance  with  Technology  Assessment 
Guidelines 

This  is  essentially  a  packaging  technology.  Much  of 
the  Technology  Assessment  Guidelines  does  not  apply. 


Process  Flow  Description 

1 .0  Begin  with  die  sawn  on  wafer  tape,  or  in  waffle 
packs. 

2.0  Fabricate  the  BGA  flex  tape. 

3.0  Die  is  micro  packaged  in  TCC  format 

3.1  Apply  elastomer  to  tape 

3.2  Bond  tape  to  die 

3.3  Encapsulate  bonds 

3.4  Attach  ring  if  used 

4.0  Place  die  into  PGA  carrier  (alignment  is  by  place¬ 
ment  in  spring-locked  chip  well  or  by  pin  alignment 
to  ring) 

5.0  Secure  with  clamp  support  plate. 

6.0  Test  as  a  PGA  packaged  component 
7.0  Bum-in  as  a  PGA  packaged  component 
8.0  Remove  TCC  from  carrier  and  place  in  packaging 
for  delivery. 

Advantages 

•  Permanent  bond  will  enhance  contact  reliability. 

•  Minimal  package  provides  added  protection  against 
handling  and  environmental  damage. 

•  Interconnect  leads  are  very  short 

•  Test  contacts  have  relaxed  pitch  and  increased 
compliancy  and  durability. 

Disadvantages 

•  Permanent  bond  will  limit  final  assembly  options. 
Concerns 

Equipment  Required 

Once  the  die  are  micro  packaged  in  the  TCC  format, 
the  only  equipment  required  is  to  support  standard  test 
and  bum-in  socket  sites  for  PGA  style  packages.  Assem¬ 
bly  and  disassembly  of  die  into  the  PGA  style  carriers  is  a 
manual  operation.  Subsequent  handling  of  the  PGA 
carriers  for  loading  into  test  sockets  or  bum-in  boards 
may  either  be  performed  manually  or  with  automated 
equipment- 
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Cost 


Contacts 


Tessera  is  attempting  to  position  the  costing  for  TCC 
micro  packaged  die  at  parity  with  PQFP  packaged  die, 
given  equivalent  pin  counts  and  equivalent  levels  of  test 
and  bum-in. 


Linda  C.  Matthew 
Technical  Marketing 
PHONE:  (408)894  -  0700 
FAX:  (408)  894  -  0768 


Comments  Dr.  Gary  Geschwind 

Marketing 

PHONE:  (408)894  -  0700 
FAX:  (408)  894  -  0768 

Supplier  Business  Information 

•  Tessera  Associates 
3099  Orchard  Drive 
San  Jose,  CA  95 134 
PHONE:  (408)894-0700 


•  Primary  Business:  Compliant  chip  MCM 

technology 

•  Number  of  Employees:  18 

•  1992  Sales:  $3.5M  financing 


« 


* 


140 


7.0  Conclusion 


Phase  I  technology  assessment  conclusions 

Section  I  of  this  report  contains  the  assessments 

*  performed  at  MCC  for  the  first  phase  of  the  Consortia  for 
KGD  contract  The  phase  I  assessments  focused  cm 
technologies  which  are  being  developed  for  single  die  test 
and  bum-in,  and  which  take  advantage  of  the  existing 

*  packaged  part  test  and  bum-in  methods,  equipment  and 
strategies. 

Soft  Connection  Methods 

These  methods  of  test  and  bum-in  are  die  most 
mature,  being  the  only  methods  being  used  today  to 
actually  product  KGD.  The  R3  (reduced  radius  removal) 
KGD  technology  is  the  only  technology  which  was 
identified  as  producing  an  appreciable  volume  of  KGD 
into  products,  hi  general,  the  soft  connection  mehtods 
seem  to  be  most  suitable  for  low  volume,  cost  tolerant 
applications.  Some  of  the  soft  connection  methods  may 
require  a  particular  final  assembly  method  (such  as  C4 
flip-chip  to  die  IBM  R3  technology). 

Temporary  Contact  Methods 

The  temporary  contact  methods  to  KGD  are  the 
preferred  (by  TAG)  KGD  methods ,  and  these  technolo¬ 
gies  are  attracting  die  most  interest  in  the  industry.  They 
are,  in  general,  less  mature  and  most  approaches  have 
only  recently  begun  to  show  promise.  Contact  to  alumi¬ 
num  pads  and  the  capability  for  contacting  array  pads 
seem  to  be  critical  requirements  for  the  industry,  again  as 
spelled  out  by  the  TAG.  These  methods  require  no  post 
processing  to  the  wafer,  which  is  also  seen  as  critical  for 
widespread  applicability  of  the  methods.  The  cost  of  these 
carriers  is  driven  by  the  number  of  reuses  possible,  and 
die  load/unload  methods  are  not  as  cost  sensitive  as  was 
originally  believed. 

Minimal  Package  Methods 

For  our  phase  I  assessments,  a  number  of  technolo- 

*  gies  which  were  termed  minimal  package  mehtods  of 
producing  Known  Good  Die  were  identified.  Less 
attention  was  focused  on  these  technologies  because  they 
are  essentially  packaging  technologies  which  enhance  the 

*  capability  to  doing  test  and  burn-in.  These  technologies 
require  the  use  of  certain  final  assembly  technologies. 

Phase  I  DELIVERABLES 

The  conclusion  of  phase  I  brings  to  closure  a  number 
of  tasks  which  were  undertaken  by  MCC  and  jointly  by 


MCC  and  the  task  group  of  industry  representatives. 

This  section  (section  I)  of  the  report  has  been  devoted 
the  technical  assessment  of  KGD  technologies  to  test 
and  bum-in  of  bare  or  minimally  packaged  die.  The 
technical  assessments  were  the  culmination  of  much  of 
the  work  in  phase  L 

The  TAB  and  Flip  Chip  addenda  to  Standard  for 
Known  Good  Die  were  developed  by  the  industry  task 
group  and  submitted  to  JEDEC  for  standardization.  These 
documents  are  contained  in  section  4  of  this  report  These 
documents  extend  the  original  Standard  for  Known  Good 
Die  to  encompass  procurement  standards  for  TAB  and 
Flip  Chip  die. 

The  major  task  completed  by  the  industry  task  group 
was  development  of  the  Technology  Assessment  Guide¬ 
line  for  Methods,  Materials  and  Equipment  Necessary  to 
Prepare  and  Ship  Semiconductor  Devices  as  Fully 
Warranted  Bare  Die  Product  which  is  referred  in  this 
report  as  the  Technology  Assessment  Guidelines  or  TAG. 
These  guidelines  were  developed  by  the  KGD  task  group 
as  the  industry  consensus  document  to  be  used  for  the 
assessment  of  the  various  KGD  technologies.  We  have 
added  test  methods  to  the  guidelines  which  will  enable 
’hands-on'  evaluations  of  various  technologies  to  be  done 
uniformly.  We  plan  to  use  the  TAG  to  guide  the  phase  II 
evaluations  and  to  make  recommendations  on  updating 
the  TAG  after  the  evaluations  are  complete.  The  latest 
revision  of  the  TAG  is  contained  in  section  3  of  this 
report. 

The  cost  model  which  was  developed  in  phase  I  was 
used  primarily  to  assess  the  cost  of  using  KGD  earners  vs 
costs  of  doing  test  and  bum-in  on  packaged  parts.  The 
model  is  also  capable  of  assessing  the  level  of  True  Good 
Die  at  certain  stages  of  assembly,  test  and  bum-in  which 
will  enable  a  cost  trade-off  analysis  to  different  test 
strategies  in  the  phase  n  work. 

Finally,  we  have  worked  with  a  subcommittee  of  the 
industry  task  group  to  define  the  evaluation  and  qualifica¬ 
tion  testing  to  be  done  in  phase  ff.  We  expect  to  continue 
to  work  with  this  group  as  a  steering  committee  to  phase 
II  for  the  duration  of  the  contract  The  overview  erf  the 
phase  II  work  is  contained  in  this  report  as  section  II. 
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TAG  SCORE  summary  used  for  the  phase  I  assessments  by  MCC.  To  understand 

Table  12  is  a  summary  of  each  section  of  the  TAG  what  different  weighting  schemes  would  do  the  relative 
for  each  technology  assessed  This  summary  is  based  on  scores,  we  have  developed  a  senes  of  Exel  spreadsheets 
the  weights  recommended  by  the  TAG  subcommittee  and  111  which  assigned  weights  can  easily  be  changed. 

Several  examples  are  given  in  the  tables  that  follow. 

Table  14  Tag  Score  Summary  (Task  Group  Weights) 


Company 

Device 

Type 

Wafer/ 
Die  size 

Inter 

connect 

Device 

Design 

Wafer 

Fab 

Probe 

Mounts 

Saw 

Testa 

Bum 

In- 

Genera 

Low 

I/O 

Test 

High 

I/O 

Test 

Bum 

in 

Pack 

& 

Ship 

Inspect 

Total 

Perfect 

33 

9 

9 

3 

3 

11 

4 

21 

26 

26 

25 

3 

2 

175 

Acsist 

33 

9 

9 

3 

3 

11 

4 

21 

26 

20 

25 

3 

2 

169 

AEHR 

33 

9 

9 

3 

3 

11 

2 

21 

26 

26 

25 

3 

2 

173 

California 

Contacts 

31 

9 

9 

3 

3 

11 

2 

21 

24 

18 

23 

3 

2 

159 

Chip 

SupdIv 

29 

9 

7 

3 

0 

11 

4 

21 

21 

21 

22 

3 

2 

153 

ELMO 

28 

9 

4 

3 

0 

11 

4 

21 

21 

21 

22 

3 

0 

147 

Fresh 

Ouest 

31 

9 

9 

3 

3 

11 

2 

21 

24 

24 

23 

3 

2 

165 

GEHDI 

28 

9 

4 

3 

3 

11 

4 

21 

21 

21 

22 

3 

0 

150 

Hughes 

TUB 

29 

9 

4 

3 

3 

11 

4 

21 

18 

15 

19 

3 

2 
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IBM 

Dendrites 

31 

9 

7 

3 

0 

11 

4 

21 

25 

25 

24 

3 

2 

165 

IBMR3 

31 

7 

7 

3 

0 

11 

4 

21 

25 

25 

24 

3 

2 

163 

MCC 

31 

9 

9 

3 

3 

11 

4 

21 

22 

22 

23 

3 

2 

163 

MCNC 

31 

9 

4 

3 

0 

11 

4 

21 

25 

25 

24 

3 

2 

162 

Micron 

KGD+ 

33 

9 

9 

3 

3 

11 

4 

21 

24 

24 

25 

3 

2 

171 

Micron 

Softool 

29 

9 

4 

3 

3 

11 

4 

21 

18 

18 

19 

3 

2 

144 

Northern 

Telecom 

29 

9 

4 

3 

3 

11 

4 

21 

18 

18 

19 

3 

2 

144 

Packard 

Hushes 

33 

9 

9 

3 

3 

11 

4 

21 

26 

26 

19 

3 

2 

169 

Plastronics 

33 

9 

9 

3 

3 

11 

4 

21 

18 

18 

19 

3 

2 

153 

Qualhi 

33 

9 

4 

3 

3 

11 

4 

21 

26 

26 

25 

3 

2 

170 

Sandia 

30 

9 

mm 

3 

a 

11 

4 

21 

24 

24 

25 

3 

■a 

161 

TI/MMS 

33 

9 

9 

3 

3 

11 

2 

21 

26 

26 

25 

3 

2 

173 

Tribotech 

33 

9 

9 

3 

3 

11 

4 

21 

24 

24 

25 

3 

2 

171 

Yamaichi 

33 

mm 

9 

3 

3 

11 

4 

21 

26 

26 

25 

3 

2 

173 

Average 

30.9 

8.8 

6.8 

3.0 

2.1 

10.9 

3.5 

21.0 

22.7 

21.3 

22.5 

3.0 

1.6 

160.9 

SJ>. 

2.0 

■a 

2.3 

0.0 

1.4 

0.6 

1.1 

0.0 

3.2 

3.9 

2.5 

0.0 

0.8 

10.5 
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Company 


Perfect 


Acsist 


AEHR 


Plastronks 


Qnalhi 

9 

Sandta 

9 

9 

Tribotech 

9 

Yamakhl 

9 

Device 

Wafer 

Probe 

Design 

Fab 

1  i 

3 

3 

11 

i 

3 

3 

11 

3 

3 

11 

3 

3 

11 

3 

M 

11 

3 

H 

11 

3 

3 

11 

3 

3 

11 

3 

3 

11 

3 

H 

11 

3 

B 

11 

3 

3 

11 

3 

11 

3 

3 

11 

3 

3 

11 

3 

3 

11 

3 

3 

11 

3 

3 

11 

3 

3 

11 

3 

Kfl 

11 

3 

3 

11 

3 

3 

11 

3 

3 

11 

6  9 


6  9 


6  9 


Bum 

In 

Pack 

t 

Ship 

14 

3 

14 

3 

14 

3 

14 

3 

14 

3 

14 

3 

14 

3 

14 

3 

11 

3 

14 

3 

14 

3 

14 

3 

14 

3 

14 

3 

11 

3 

11 

3 

8 

3 

14 

3 

14 

3 

14 

3 

14 

3 

14 

3 

14 

3 

TablelS:  The  TAG  weights  were  changed  to  reflect  a  specific  application.  The  technologies  are  assessed  to  determine 
the  capabilities  for  test  and  burn-in  of  a  small  low  speed  CMOS  die,  with  a  low  number  of  peripheral  I/O  on  relaxed 
pitch.  The  weights  of  the  line  items  of  the  TAG  which  are  not  relevant  to  this  die  are  simply  set  to  zero. 
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Company 


Perfect 


Acsist 


AEHR 


Plastronics 


Qualhi 


Sandia 


,  ...  : 

12 

Tribotech 

12 

Yamaichi 

12 

Table  16:  The  TAG  weights  were  changed  to  reflect  a  specific  application.  The  technologies  are  assessed  to  determine  the 
capabilities  for  test  and  bum-in  of  a  large  high  speed,  high  power,  ECL  die,  with  a  high  number  of  peripheral  I/O  on 
aggressive  pitch.  The  weights  of  the  line  items  of  the  TAG  which  are  not  relevant  to  this  die  are  simply  set  to  zero. 
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Company 

g 

RSI 

■ 

Device 

Design 

Wafer 

Fab 

Probe 

Test  & 
Bum 
In- 

Genera 

LOW 

VO 

Test 

High 

VO 

Test 

M 

Total 

Perfect 

11 

8 

3 

3 

B 

11 

2 

12 

0 

23 

22 

3 

2 

100 

Acsist 

11 

8 

3 

3 

B 

11 

2 

12 

0 

17 

22 

3 

2 

94 

AEHR 

11 

8 

3 

3 

B 

11 

2 

12 

0 

23 

22 

3 

2 

100 

0H55BI 

8 

8 

3 

3 

B 

11 

2 

12 

0 

17 

22 

3 

2 

91 

Chip 

Supply 

5 

a 

3 

3 

B 

11 

2 

12 

0 

21 

22 

3 

2 

92 

ELMO 

5 

8 

0 

3 

B 

11 

2 

12 

0 

21 

22 

3 

0 

87 

Fresh 

Ones* 

8 

8 

3 

3 

B 

11 

2 

12 

0 

21 

22 

3 

2 

95 

GEHDI 

5 

8 

mm 

3 

B 

11 

2 

12 

0 

21 

22 

3 

mm 

87 

Hughes 

TRB 

5 

8 

m 

3 

B 

11 

2 

12 

0 

15 

19 

3 

2 

80 

IBM 

Dendrites 

11 

8 

3 

3 

B 

11 

2 

12 

0 

23 

22 

3 

2 

100 

EBMR3 

11 

8 

3 

3 

B 

11 

2 

12 

0 

23 

22 

3 

2 

100 

MCC 

8 

8 

3 

3 

B 

11 

2 

12 

0 

21 

22 

3 

2 

95 

MCNC 

11 

8 

0 

3 

B 

11 

2 

12 

0 

23 

22 

3 

2 

97 

Micron 

KGD+ 

11 

8 

3 

3 

B 

11 

2 

12 

0 

21 

22 

3 

2 

98 

Micron 

Softool 

5 

8 

■a 

3 

B 

11 

2 

12 

0 

18 

19 

3 

2 

83 

Northern 

Telecom 

5 

8 

■9 

3 

B 

11 

2 

12 

0 

18 

19 

3 

2 

83 

Packard 

Hushes 

11 

8 

3 

3 

B 

11 

2 

12 

0 

23 

16 

3 

2 

94 

Plastronks 

11 

8 

3 

3 

B 

11 

2 

12 

0 

15 

16 

3 

2 

86 

Qualhi 

11 

8 

mm 

3 

B 

11 

2 

12 

0 

21 

22 

3 

2 

95 

Sandia 

11 

8 

3 

3 

B 

11 

2 

12 

0 

21 

22 

3 

H 

96 

Tl/MMS 

11 

8 

3 

3 

B 

11 

2 

12 

0 

23 

22 

3 

2 

100 

Tribotech 

11 

8 

3 

3 

B 

11 

2 

12 

0 

21 

22 

3 

2 

98 

Yamakhi 

11 

6 

3 

3 

B 

11 

2 

12 

0 

23 

22 

3 

2 

98 

■* 


Table  17:  The  TAG  weights  were  changed  to  reflect  a  specific  application.  The  technologies  are  assessed  to  determine  the 
capabilities  for  test  and  burn-in  of  a  large  high  speed,  high  power,  BiCMOS  die,  with  a  large  number  of  solder  bumped  array 
I/O.  The  weights  of  the  line  items  of  the  TAG  which  are  not  relevant  to  this  die  are  simply  set  to  zero. 
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Phase  I  observations 

KGD  is  still  the  major  obstacle  to  a  cost  competitive 
MCM  industry.  During  the  course  of  phase  I  of  the 
program,  it  has  been  clear  that  there  is  much  interest  in 
the  KGD  issue.  Both  as  it  pertains  to  the  technology  being 
developed  and  to  the  overriding  issues  of  MCM  test 
strategies,  KGD  market  size  and  maturity, .  Phase  I  of 
this  program  has  focussed  on  the  technology  issues  with 
test  and  bum-in  at  the  die  level.  However,  even  with  this 
narrow  focus,  a  common  understanding  of  the  KGD 
issues,  problems  and  opportunities  developed  among 
those  who  participated  in  the  task  group  meetings.  This  is 
a  valuable  by-product  of  consortia  programs  such  as  this. 


At  this  time  there  is  not  an  industry-accepted  technol¬ 
ogy  solution  to  KGD  problem.  The  industry  preferred 
methods  for  assuring  KGD  (according  to  the  TAG)  are 
temporary  contact  approaches.  However,  the  announced 
KGD  carrier  development  schedules  have  slipped  in  the 
past  year.  Even  given  that  the  large  IC  supplier  internal 
carrier  development  programs  meet  with  success,  this  will  f 
not  satisfy  the  MCM  industry. 

For  the  temporary  contact  approaches,  the  contact 
mechanism  is  still  troublesome.  Reliable,  repeatable,  low 
cost,  low  Q  contact  to  Aluminum  bond  pads  over 
temperature  remains  a  significant  technical  challenge. 


* 
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Appendix  1 .  Cost  Analysis  Inputs 


The  cost  model  used  to  perform  the  analyses  presented  in  Section  5.0  relies  on  the  entry  of 
over  100  inputs.  Almost  60  of  these  inputs  (listed  below)  are  related  directly  to  specific  KGD 
technologies.  For  the  general  case  we  tried  to  capture  a  typical  range  based  on  our  knowledge  to 
date.  Each  Monte  Carlo  simulation  randomly  selects  a  data  point  from  within  the  distribution  de¬ 
fined  below.  The  software  we  used  allows  for  a  number  of  different  types  of  distributions.  In 
general,  we  chore  normal  distributions  defined  by  a  mean  and  standard  deviations  when  we  assumed 
a  single  population  and  triangular  distributions  when  we  assumed  multiple  populations  or  had  a 
single  population  that  did  not  lend  itself  well  to  a  normal  distribution.  Each  Monte  Carlo  simulation 
included  1000  runs  which  corresponds  to  1000  data  points  selected  from  within  each  distribution. 

KGD  Technology  Dependent  Inputs 

A1.1  Materials-  Interconnect/Carrier/Socket  Assembly: 

Multi-use  material  costs  are  divided  up  by  interconnect,  carrier,  and  socket  costs.  Although  the 
interconnect,  carriers,  and  sockets  may  not  be  sold  specifically  as  a  function  of  area  and/or  pin  count, 
these  elements  are  entered  into  the  base  model  to  allow  for  sensitivity  to  there  potential  cost  drivers. 
They  can  be  set  at  zero  if  appropriate,  and  the  total  cost  be  entered  as  cost  per  piece.  The  total  cost  is 
calculated  by  adding  the  inputs  together.  For  example,  using  the  most  likely  values  listed  below,  the 
cost  of  the  interconnect  for  a  1  cm  die  with  100  pins  would  be  $55  +  $2*1  +  $0,005*100  or  $57.50. 

It  is  assumed  that  the  carrier  and  socket  will  last  through  the  product  life  with  some  level  of 
replacement  (fixed  at  10%  for  the  base  model).  The  interconnect  is  expected  to  have  a  more  limited 
life,  as  defined  by  factors  such  as  hours  of  thermal  life  and  number  of  temperature  cycles  to  which 
the  interconnect  can  be  subjected  and  still  make  good  physical  and  electrical  contact .  There  is  also 
a  cost  associated  with  replacing  the  interconnect  in  the  carrier. 

Tooling  costs  or  NRE  for  the  interconnect  are  divided  over  the  total  number  of  units  produced. 
For  the  general  case,  NRE  costs  for  carriers  and  sockets  are  included  in  the  base  price  and  are  not 
entered  separately.  There  may  be  instances  where  a  temporary  contact  KGD  technology  includes  the 
use  of  consumable  materials.  However,  these  are  probably  relatively  unusual  and  for  the  general 
case  this  input  was  set  at  zero. 

httSTconnsfit; 

The  bare  interconnect  cost  can  be  entered  as  a  piece  price  or  as  a  combination  of  piece,  $/cm, 
and/or  $/pin,  depending  on  knowledge  of  the  technology  and  specific  pricing  information.  For  our 
baseline,  general  case,  we  entered  numbers  that  would  produce  a  range  of  approximately  $35  to  $87 
for  a  1  cm  100  pin  device,  with  a  i  os  ukely  cost  of  $60  (excluding  NRE  costs).  These  number  are 
derived  from  quotes  that  we  have  received  to  date  for  Phare  2,  engineering  knowledge,  and  inputs 
from  an  independent  cost  analyst.  The  quotes  typically  include  carrier  plus  interconnect,  so  we  are 
making  educated  guesses  about  the  break-down  of  the  costs. 


Assumption:  Interconnect  S/ptece 


Cell:  C47 


Triangular  distribution  with  parameters: 

Minimum  $34.00 

Likeliest  $55.00 

Maximum  $77.00 

Selected  range  Is  from  $34.00  to  $77.00 


Interconnect  $/  piece 


Assumption:  I nterconnect  $/cm 


Cell:  G47 


interconnect  S/cm 

Triangular  distribution  with  parameters: 

Minimum  $0.50 

Likeliest  $2.00 

Maximum  $4.00 

Selected  range  Is  from  $0.50  to  $4.00 

$0.50  $1.38  $2.25  $3.12  $0.00 


Assumption:  Interconnect  $/ptn 


Cell:  E47 


Triangular  distribution  with  parameters: 
Minimum  $0,001 

Likeliest  $0,005 

Maximum  $0,010 

Selected  range  is  from  $0,001  to  $0,010 


Interconnect  $/p1n 


$0,001  $0,003  $0,006  $0,008  $0,010 


Interconnect  Replacement  Costs: 

The  cost  to  replace  the  interconnect  is  assumed  to  equal  the  cost  of  performing  the  origi¬ 
nal  insertion.  The  cost  is  assumed  to  be  largely  labor  costs  and  to  take  from  1  - 15  minutes  at  a 
rate  of  $20  per  hour. 
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Assumption:  Replace  Inter  S/prod 


Cell:  C65 


t 


Triangular  distribution  with  parameters: 
Minimum  $0.50 

Likeliest  $2.00 

Maximum  S5.00 

Selected  range  is  from  $0.50  to  $5.00 


Replace  inter  $/prod 


$0.50  $1.62  $2.75  $3.86  $5.00 


Interconnect  NRE  Costs: 

NRE  costs  are  based  on  quotes  that  we  have  received  to  date  for  Phase  2,  engineering 
knowledge,  and  inputs  from  an  independent  cost  analyst. 


Assumption:  Interconnect  Tooling  $/prod 

Triangular  distribution  with  parameters: 
Minimum  $5,000 

Likeliest  $8,000 

Maximum  $15,000 

Selected  range  Is  from  $5,000  to  $15,000 


Cell:  E65 

Interconnect  Tooling  S/prod 


$5,000  $  7,500  $15,000 


Carrier: 

The  carrier  cost  can  be  entered  as  a  piece  price  or  as  a  combination  of  piece  and  $/cm,  depend¬ 
ing  on  knowledge  of  the  technology  and  specific  pricing  information.  For  the  general  case,  we 
entered  numbers  that  would  produce  a  range  of  approximately  $36  to  $62  for  a  1  cm  100  pin  device, 
with  a  most  likely  cost  of  $49  (including  NRE  costs).  These  numbers  are  derived  from  quotes  that 
we  have  received  to  date  for  Phase  2,  engineering  knowledge,  and  inputs  from  an  independent  cost 
analyst.  The  quotes  typically  include  carrier  plus  interconnect,  so  we  are  making  educated  guesses 
about  the  cost  break-down  between  carrier  and  interconnect. 


Assumption:  Carrier  $/p1ece  Cell:  G34 

Triangular  distribution  with  parameters: 

Minimum  $36 

Likeliest  $48 

Maximum  $60 

Selected  range  is  from  $36  to  $60 


Carrier  $/p1ece 


$36  $42  $46  $54  $60 
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Assumption:  Carrier  $/cm2 

Triangular  distribution  with  parameters: 
Minimum  $0.50 

Likeliest  $1.00 

Maximum  $1.50 

Selected  range  is  from  $0.50  to  $1.50 


Cell:  C40 

Carrier  $/cm2 


Socket; 

The  socket  may  or  may  not  be  an  off-the-shelf  item.  If  not,  its  cost  is  calculated  from  the  input 
assumptions  described  below.  If  it  is  an  off-the-shelf  item,  the  exact  price  can  be  entered  instead.  In 
some  instances  the  socket  and  carrier  are  integral  to  each  other.  In  this  instance,  the  carrier  cost  is 
rolled  into  the  socket  cost  and  zeroed  out  in  the  carrier  section.  For  the  general  case  presented  in 
Section  5.0,  carrier  and  socket  costs  are  treated  separately. 


Assumption:  Socket  $/plece 

Triangular  distribution  with  parameters: 


Minimum 

$10 

Like!  test 

$24 

Maximum 

$34 

Selected  range  is  from  $10  to  $34 


Cell:  628 

Socket  $/ piece 


$10  $16  $22  $26  $34 


Assumption:  Socket  $/cm 


Cell:  C34 


Triangular  distribution  with  parameters: 
Minimum  $0.50 

Likeliest  $1.00 

Maximum  $1.50 

Selected  range  is  from  $0.50  to  $1.50 


Assumption:  Socket  $/pin 


Socket  $/cm 


S 

e 


$0.50  $0.75  $1.00  $1.25  $1.50 

Cell:  E34 


Triangular  distribution  with  parameters: 
Minimum  $0.50 

Likeliest  $1.00 

Maximum  $1.50 

Selected  range  Is  from  $0.50  to  $1.50 


Socket  $/p1n 


$0.50  $0.75  $1.00  $1.25  $1.50 


o 


> 
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IatggfinaficLLife 

There  are  a  number  of  factors  which  will  ultimately  affect  the  number  of  uses  possible  from  a 
single  carrier/interconnect  assembly.  These  include  nontechnology  dependent  factors  such  as  prod¬ 
uct  life  and  number  of  bum-in  hours  per  cycles  as  well  as  the  technology  dependent  factor  listed 
below. 

Number  of  Assemblies: 

The  number  of  assemblies  is  the  number  of  times,  independent  of  any  temperature  cy¬ 
cling,  that  a  die  can  be  placed  in  the  carrier,  put  in  contact  with  the  interconnect,  and  removed. 
We  assumed  that  the  majority  of  the  technologies  will  be  able  to  easily  handle  500  assemblies, 
independent  of  thermal  or  handling  damage.  5,000  covers  the  “infinite  uses”  claim  made  by 
most  suppliers  while  still  falling  within  the  realm  of  possibility  for  a  two  year  product  life. 
10,000  is  well  above  the  limit  likely  to  be  imposed  by  nontechnology  related  factors  such  as 
product  life  and  bum-in  cycle  time. 


Assumption:  Life  (*  assembl les) 


Cell:  C53 


Triangular  distribution  with  parameters: 

Minimum  500 

Likeliest  5000 

Maximum  10000 

Selected  range  Is  from  500  to  10000 


Life  (*  assemblies) 


500  2875  5250  7625  10000 


Thermal  life  (hones): 

Thermal  life  is  the  number  of  hours  at  temperature  that  a  carrier/interconnect  assembly 
can  withstand  and  still  make  good  contact  with  a  die.  This  measure  is  independent  of  any 
temperature  cycling  (i.e.,  only  one  temperature  excursion).  One  thousand  hours  was  chosen  as 
a  lower  limit  because  it  is  believed  to  be  consistent  with  life-times  for  Cu/PI  interconnect. 

3000  hours  was  selected  as  the  most  likely  life-time  for  the  interconnect.  This  is  consistent 
with  our  knowledge  of  test  results  on  Cu/PI  based  systems.  The  upper  limit  is  set  at  10,000 
hours,  since  there  is  limited  value  in  exceeding  this  number  given  typical  product  lives  and 
turn-around  times  between  bum-in  uses. 


Assumption:  Life  (Thermal  hrs) 


Cell:  E53 


Life  (Thermal  hrs) 

Triangular  distribution  with  parameters: 

Minimum  1000 

Likeliest  3000  f 

Maximum  10000  f 

o 
u 
0. 

Selected  range  Is  from  1000  to  10000 

1000  3250  5500  7750  10000 
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The  number  of  temperature  cycles  is  the  number  of  times  that  a  carrier/interconnect 
assembly  can  go  from  ambient  to  bum-in  temperature  and  still  make  good  contact  with  a  die. 


Assumption:  Life  (Temp  cycles) 


Cell:  653 


Life  (Temp  cycles) 

Triangular  distribution  with  parameters: 

Minimum  1 

Likeliest  500  f 

Maximum  1000  f 

I 

Selected  range  Is  from  1  to  1000 

1  251  500  750  1000 


Mechanical  failures  is  the  percent  of  all  interconnects  which  will  have  to  be  replaced  due 
to  handling  damage. 


Assumption:  Interconnect  mechanical  failure  rate 


Cell:  G59 


Triangular  distribution  with  parameters: 
Minimum  0.00% 

Likeliest  2.00% 

Maximum  5.00% 

Selected  range  is  from  0.00%  to  5.00% 


failure  rate 


0.00%  1.25%  2.50%  3.75%  5.00% 


Cleans  (Reclaim)  of  Probe  Tips; 

The  number  of  times  that  probe  tips  can  be  cleaned  without  damaging  either  the  intercon¬ 
nect  or  probe  tips  (Reclaim/Interconnect)  multiplied  by  the  number  of  times  the  interconnect/ 
probe  tips  can  be  used  between  cleans  (Uses/Reclaim)  will  have  an  effect  on  the  total  number 
of  uses  provided  by  a  single  interconnect.  This  particular  factor  was  not  used  in  the  analyses 
presented  in  this  report,  but  will  be  included  in  die  future. 


Assumption:  Uses/Reclaim 


Cell:  C59 


Assumption:  Reel  alms/  Interconnect 

Triangular  distribution  with  parameters: 

Minimum  20 

Likeliest  100 

Maximum  1000 

Selected  range  Is  from  20  to  1000 


Cell:  E59 
Reclaims/  interconnect 


20  265  510  755  1000 


A1J2  Assembly: 

Assembly  is  modeled  in  two  pieces.  Pick  and  place  is  the  the  means  by  which  the  die  is 
aligned  to  and  placed  into  physical  contact  with  die  carrier.  Lid/spring  placement  is  the  means  by 
which  a  lid  and/or  some  form  of  pressure  is  applied  to  ensure  that  the  die  is  physically  held  within 
the  carrier  and  reliable  electrical  contact  between  the  die  and  carrier +interconnect  is  maintained 
Note  that  the  model  for  the  general  case  assumes  that  the  same  carrier  will  be  used  for  both  bum-in 
and  test.  If  this  is  not  the  case,  this  step  will  have  to  be  included  twice. 

Pick  and  Place: 

Pick  and  place  is  divided  into  three  pieces  for  ease  of  modeling.  There  may  be  only  a  single 
piece  of  equipment,  but  it  will  have  all  three  of  the  functions  below.  The  cycle  time  for  this  step  is 
taken  as  the  maximum  of  the  three  pieces,  carrier  align,  die  align,  and  attach  1  (i.e.,  placement  of  the 
die  into  the  carrier).  Labor  times  for  automated  systems  are  set  equal  to  equipment  cycle  times, 
although  the  model  permits  this  value  to  be  set  as  a  ratio  to  equipment  time.  For  the  general  case  we 
assumed  no  non-equipment  related  labor  time  for  automatic  systems,  but  the  model  will  permit  entry 
of  this  input  if  needed.  For  manual  systems,  all  labor  and  cycle  times  are  calculated  from  the  entry 
“Align  Manual  Labor”. 

Camsr.Align; 

This  step  covers  handling  of  incoming  carriers  and  subsequent  placement  of  the  carriers 
at  some  reference  point  to  which  the  die  can  be  aligned.  In  the  case  of  a  manual  operation,  this 
may  be  a  simple  plate. 
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Assumption:  Carrier  Align  S/unit  (manual) 


Cell:  C73 


Triangular  distribution  with  parameters: 

Minimum  $1,000 

Likeliest  $1,500 

Maximum  $2,000 

Selected  range  Is  from  $1,000  to  $2,000 


Carrier  Alton  $/untt  (man) 


SI. 000  $1,250  $1,500  $1,750  $2,000 


Assumption:  Carrier  Align  $/unlt  (auto) 


Cell:  C74 


Triangular  distribution  with  parameters: 


Minimum 
Ltkel  lest 
Maximum 


$40. 000 
$60,000 
$80,000 


Selected  range  Is  from  $40,000  to  $80,000 


Carrier  Align  $/untt 


I 


$40,000  $60,000  $60,000 


Assumption:  Carrier  Align  sec/unit 


Cell:  E73 


Triangular  distribution  with  parameters-. 

Minimum  3 

Likeliest  5 

Maximum  10 

Selected  range  Is  from  3  to  10 


Carrier  Align  sec/untt 


3  5  6  6  10 


Pig  Align; 

The  die  may  be  aligned  manually  with  the  aid  of  a  microscope,  mechanically  using  the 
edge  of  the  silicon  die  as  a  reference,  or  visually  using  a  computer  aided  vision  system  It  is 
presumed  that  the  mechanical  method  will  be  faster  than  a  optical  system,  whether  the  latter  is 
manual  or  automatic  Alignment  tooling  is  anything  that  is  product  specific  needed  in  the 
alignment  of  the  die.  This  cost  is  expected  to  be  small,  and  highest  for  mechanical  align. 
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Assumption*.  Die  Align  $/untt  (manual) 


Coll:  673 


Triangular  distribution  with  parameters: 
Minimum  $2,000 

Likeliest  $10,000 

Maximum  $20,000 

Selected  range  is  from  $2,000  to  $20,000 


Die  Align  $/untt  (man) 


« 

JS 

I 


$2,000 


$11. 000 


$20,000 


Assumption:  Die  Align  $/un1t  (mechanical) 

Triangular  distribution  with  parameters-. 

Minimum  $40,000 

Likeliest  $60,000 

Maximum  $60,000 

Selected  range  is  from  $40,000  to  $80,000 


Cell:  674 
Die  Align  $/unlt  (mech) 


$40,000 


$60,000 


$60,000 


Assumption:  Die  Align  $/un1t  (visual) 

Triangular  distribution  with  parameters: 

Minimum  $60,000 

Likeliest  $120,000 

Maximum  $200,000 

Selected  range  is  from  $80,000  to  $200,000 


% 

XJ 

S 

a. 


Cell:  675 


Die  Align  $/unlt  (vis) 


$80. 000 


$140,000 


$200. 000 


4 


Assumption:  Die  Align  sec/unit  (visual,  manual  or  auto) 


Cell:  C81 
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Assumption:  Die  Align  sec /unit  (mech) 


Cell:  C82 


Triangular  distribution  with  parameters: 
Minimum  3 

Likeliest  S 

Maximum  10 

Selected  range  Is  from  3  to  10 


Ole  Align  sec/ unit  (mech) 


3  5  6  8  10 


♦ 


Assumption:  Align  Tooling  $/prod  (manual) 


Cell:  E81 


Triangular  distribution  with  parameters: 
Minimum  $0 

Likeliest  $500 

Maximum  $1,000 

Selected  range  Is  from  $0  to  $1,000 


Align  Tooling  $/  prod  (man) 


$0  S250  $  500  $  750  $1,000 


Assumption:  Align  Tooling  $/prod  (mechanical) 


Cell:  E82 


Triangular  distribution  with  parameters: 

Minimum  SO 

Likeliest  $1,500 

Maximum  $3,000 

Selected  range  Is  from  $0  to  $3,000 


Align  Tooling  $/prod  (mech) 


$0  $750  $1,500  $2,250  $3,000 


Assumption:  Align  Tooling  $/prod  (visual) 


Cell:  E83 


Triangular  distribution  with  parameters: 
Minimum  $0 

Likeliest  $1,000 

Maximum  $2,000 

Selected  range  Is  from  $0  to  $2,000 


Align  Tooltog  S/prod  (vis) 


$0  $  500  $1,000  $1,500  $2,000 
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Assumption:  Align  Man  Labor  sec/unit  (manual) 


Cell:  661 


■* 


Triangular  distribution  with  parameters: 
Minimum  2 

Likeliest  10 

Maximum  30 

Selected  range  Is  from  2  to  30 


Align  Man  Labor  sec/ unit  (man) 


2  9  16  23  30 


Pl.aggmg.OLgf  Pi.fr.  (Attach!) 

Attach  1  puts  the  die  in  contact  with  the  canier+interconnect  but  does  not  provide  a 
mechanism  to  secure  the  attachment  of  the  die  to  the  carrier.  This  step  may  be  modeled  as 
either  an  automatic  or  manual  step.  Labor  times  are  set  as  equal  to  the  equipment  cycle  times 
in  the  case  of  the  former. 


Assumption:  Attach  1  Equip  S/untt  (auto) 

Triangular  distribution  with  parameters: 

Minimum  S  10. 000 

Likeliest  S  SO.  000 

Maximum  $100,000 

Selected  range  Is  from  $10,000  to  $100,000 


f 


Cell:  C91 

Attach  1  Equip  $/unft  (auto) 


$10,000 


$55,000 


$100,000 


Assumption:  Attach  1  Equip  sec/unit  (auto) 


Cell:  E90 


Triangular  distribution  with  parameters: 
Minimum  2 

Likeliest  5 

Maximum  10 

Selected  range  Is  from  2  to  10 


Attach  1  Equip  sec/ unit  (mech) 


2  A  6  8  10 


t. 


157 


Assumption:  Attach  I  Man  Labor  sec/untt  (manual) 


Cell:  669 


Triangular  distribution  with  parameters: 
Minimum  2 

Likeliest  10 

Maximum  30 

Selected  range  Is  from  2  to  30 


o 

£ 


Attach  1  Man  Labor  sec/untt  (man) 


2  9  16  23  30 


♦ 


r 


Lid/sprios  placement: 

This  step,  termed  Attach2,  refers  to  placement  of  lids,  caps,  springs,  screws,  etc.  which  keep 
the  die  contained  within  the  carrier  and  which  apply  force  to  the  system  to  bring  the  die  and  inter¬ 
connect  into  reliable  electrical  contact.  This  step  may  be  modeled  as  either  an  automatic  or  manual 
step.  Labor  times  are  set  as  equal  to  the  equipment  cycle  times  in  the  case  of  the  former. 


Assumption:  Attach2  Equip  S/unlt  (auto) 


Cell:  C98 


Triangular  distribution  with  parameters: 


Minimum 

Likeliest 

Maximum 


S  10. 000 
$80. 000 
$400,000 


Selected  range  Is  from  $10,000  to  $400,000 


i 


Attach2  Equip  $/untt  (auto) 


$10,000  $205,000  $400,000 


Assumption:  Attach2  Equip  sec/untt  (auto) 


Cell:  E98 


Triangular  distribution  with  parameters: 

Minimum  2 

Like)  lest  6 

Maximum  24 

Selected  range  is  from  2  to  24 


Attach2  Equip  sec/ unit  (mech) 


2  8  13  18  24 


♦ 


I 
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Assumption:  Attach2  Man  Labor  sec/unit  (manual) 


Cell:  C  105 


* 


1 


Triangular  distribution  with  parameters.- 

Minimum  2 

Likeliest  20 

Maximum  60 

Selected  range  Is  from  2  to  60 


Attach2  Man  Labor  sec/ unit  (man) 


2  16  31  46  60 


A1J  Disassembly: 

Disassembly  is  the  step  which  removes  the  lids,  springs,  etc.,  that  hold  the  die  in  contact  with 
the  canier+interconnect.  Placement  of  the  die  into  a  waffle  pack  for  shipping  also  occurs  at  this 
step.  Note  that  the  model  for  the  general  case  assumes  that  the  same  carrier  will  be  used  for  both 
bum-in  and  test.  If  this  is  not  the  case,  this  step  will  have  to  be  included  twice. 

Disassembly  may  be  modeled  as  either  an  automatic  or  manual  step.  Labor  times  are  set  as 
equal  to  the  equipment  cycle  times  in  the  case  of  the  former. 


Assumption:  DtsAssm  Equip  S/unit  (auto) 

Triangular  distribution  with  parameters: 
Minimum  $20,000 

Likeliest  $80,000 

Maximum  $300,000 

Selected  range  is  from  $20,000  to  $300,000 


Cell:  G 106 

DIsAssm  Equip  $/untt  (auto) 


€ 

A 

e 

fc 


$20,000 


$160,000 


$300,000 


♦ 


Assumption:  DIsAssm  Equip  sec/unit  (auto) 


Cell:  Cl  14 


Triangular  distribution  with  parameters: 

Minimum  3 

Like!  lest  1 0 

Maximum  30 

Selected  range  Is  from  3  to  30 


DtsAssm  Equip  sec/ unit 


3  10  16  23  30 
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Assumption:  DisAssm  Man  Labor  sec /unit  (man) 


Cell:  6113 


Triangular  distribution  with  parameters: 
Minimum  6 

Likeliest  15 

Maximum  60 

Selected  range  is  from  6  to  60 


DisAssm  Man  Labor  sec/unit  (man) 


6  20  33  46  60 


♦ 


t 


A1.4  Reclaim/Clean: 

It  is  assumed  that  most  probe  tips  will  need  to  be  cleaned  or  otherwise  maintained/reclaimed. 
This  may  be  done  chemically  and/or  physically,  depending  on  the  materials  and  configuration.  The 
equipment  costs  used  for  the  general  case  are  probably  on  the  high  side,  but  given  that  this  is  a 
largely  undefined  step,  it  was  decided  to  err  on  the  side  of  caution.  It  was  also  assumed  that  there 
might  be  a  significant  amount  of  manual  labor  involved.  This  step  can  be  modeled  more  accurately 
once  specific  materials  and  configurations  are  better  defined. 


Assumption:  Reclaim  Equip  3/unlt 

Triangular  distribution  with  parameters: 

Minimum  $50,000 

Likeliest  $80,000 

Max  1  mum  $400. 000 

Selected  range  is  from  $50,000  to  $400,000 


Assumption:  Reclaim  Equip  sec/unit 


Triangular  distribution  with  parameters: 
Minimum  I 

Likeliest  5 

Maximum  30 

Selected  range  Is  from  1  to  30 


Cell:  E  12  l 


Reclaim  Equip  $/unlt 


$50,000 


$225,000 


$400,000 


Cell:  G  12  1 
Reclaim  Equip  sec/ unit 


1  8  16  23  30 
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Assumption:  Reclaim  Man  Labor  sec/unit 


Cell:  C 127 


* 


Triangular  distribution  with  parameters: 

Minimum  0 

Likeliest  10 

Maximum  30 

Selected  range  is  from  0  to  30 


Reclaim  Man  Labor  sec/ unit 


0  8  1 5  22  30 


A1.5  Failures: 

The  model  is  intended  for  use  in  larger  modeling  efforts  where  costs  of  entire  systems  are 
evaluated  from  wafer  fab  through  module  assembly  and  test.  For  this  reason,  it  is  desirable  to  have  a 
measure  of  the  outgoing  detectivity  of  the  bare  die.  The  model  calculates  the  level  of  detectivity  and 
refers  to  it  as  True  Good  Die  or  TGD.  This  is  a  measure  of  escapes  within  the  KGD  population.  For 
the  current  KGD  modeling  effort,  assembly  induced  failures  are  added  to  the  incoming  defectivity 
levels  at  final  test,  but  disassembly  induced  failures  are  always  escapes  since  there  is  no  test  and  sort 
mechanism  after  the  die  are  removed  from  the  carrier. 

Assembly, indycgd  failure? 

Assembly  induced  failures  are  a  measure  of  electrically  identifiable  failures  which  occur  as  a 
result  of  damage  incurred  during  die  to  carrier  assembly. 

Pi§a$$embtoducgd  failures 

Disassembly  induced  failures  are  a  measure  of  electrically  identifiable  failures  which  occur  as 
a  result  of  damage  incurred  during  die  to  carrier  disassembly. 


» 


Assumption:  Assem  Induced  per  pin  failures  (ppm)  (manual)  Cell:  E105 


Triangular  distribution  with  parameters: 


Minimum 

50 

Likeliest 

100 

Maximum 

500 

Selected  range  Is  from  50  to  500 


Assem  Induced  per  pin  failures  (ppm)  (manual) 


50  162  275  388  500 


* 
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Assumption:  Assem  Induced  per  pin  failures  (ppm)  (mechanical)  Cell:  E106 


Triangular  distribution  with  parameters: 


Minimum 

10 

Likeliest 

20 

Maximum 

100 

Selected  range  Is  from  10  to  100 


Assem  Induced  per  pin  failures  (ppm)  (mech) 


Assumption:  Assem  Induced  per  pin  failures  (ppm)  (visual) 


Cell:  E 107 


Triangular  distribution  with  parameters: 

Minimum  5 

Likeliest  10 

Maximum  50 

Selected  range  Is  from  5  to  50 


Assem  Induced  per  pin  failures  (ppm)  (visual) 


16 


26 


39 
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Assumption:  DlsAssem  induced  failures  (man)  (ppm) 

Triangular  distribution  with  parameters: 

Minimum  50 

Likeliest  100  i 

Maximum  500  1 

I 

Selected  range  Is  from  50  to  500 


Cell:  C  121 

DlsAssem  Induced  failures  (man)  (ppm) 


50 


162 


275 


388 


500 


Assumption:  DlsAssem  Induced  failures  (auto)  (ppm) 

Triangular  distribution  with  parameters: 

Minimum  5 

Likeliest  10  f 

Maximum  50  1 

s 

CL 

Selected  range  Is  from  5  to  50 


Cell:  C 123 


DlsAssem  Induced  failures  (vis)  (ppm) 


16 


28 


39 


50 
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KGD  Technology  Independent  Inputs 


A1.6  Production  Hours: 

The  minimum  number  of  production  hours  is  set  at  4000  hours  (two  8-hour  shifts,  5  days  per 
week,  50  weeks  per  year).  The  maximum  set  at  8760,  365  days  a  year,  24  hours  a  day. 


4 


Assumption:  Production  Hrs/Yr 

Triangular  distribution  with  parameters: 

Minimum  4000 

Likeliest  6000 

Maximum  8760 

Selected  range  is  from  4000  to  8760 


Cell:  E20 


Production  Hrs/Yr 


1 


a. 


4000  5190  6380  7570  8760 


A1.7  Labor  rates: 

Wages  for  direct  employees  are  determined  from  3  different  inputs,  operator  wages,  burden 
rate,  and  nonproduction  time. 

Operator  wages. 

The  mean  base  wage  is  set  at  $12.50/hour  with  a  standard  deviation  of  $1 .25,  resulting  in  an 
effective  range  of  $8.75  to  $16.25. 


Assumption:  Oper  wages  S/hr 


Cell:  620 


Normal  distribution  with  parameters: 

Mean  12.50 

Standard  Dev.  1.25 

Selected  range  is  from  -  to 


Oper  wages  S/ltr 


8.75  10.62  12.50  14.38  16.25 


fiacdejuate. 

*  The  mean  burden  rate  is  assumed  to  be  20%  with  a  standard  deviation  of  1 .5%,  giving  an 

effective  range  of  16-24%.  This  is  the  effective  cost  of  benefits,  etc. 
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Assumption:  X  Burden  Rate 


Cell:  CZA 


Normal  distribution  with  parameters: 

Mean  20. 0* 

Standard  Dev.  1.5X 

Selected  range  Is  from  -  to 


X  Burden  Rate 


t 


Nonproduction  time. 

This  is  a  measure  of  the  time  an  operator  spends  not  directly  running  production.  The  mean  is 
set  at  20%  with  a  standard  deviation  of  2%,  and  an  effective  range  of  14  to  26%. 


Assumption:  Non-prod  X  time 


Cell:  E24 


Normal  distribution  with  parameters: 

Mean  20.  OX 

Standard  Dev.  2.  OX 

Selected  range  is  from  -  to 


Non-prod  X  time 


14.  OX  17.  OX  20.  OX  23.  OX  26.0X 


A1.8  Yield: 

Yield  is  calculated  from  three  different  assumptions. 

Test-Coverage  at  Wafer  Sort, 

This  is  a  measure  of  the  test  effectiveness  or  test  coverage  at  wafer  sort.  The  assumed  mean  is 
80%  and  the  standard  deviation  is  set  at  3%.  The  upper  level  of  90%  is  probably  most  appropriate 
for  major  suppliers  like  Motorola  and  Intel  and  for  devices  like  DRAMs.  The  industry/device 
average  is  thought  to  be  closer  to  80%.  For  an  explanation  of  this  factor  and  its  use  see  Williams 
and  Brown  [1]. 


Assumption:  X  Test  Cov 


Celt:  C20 


Normal  distribution  with  parameters: 

Mean  80.  OX 

Standard  Dev.  3.  OX  f 

2 

e 

A 

Selected  range  is  from  -  to  £ 


X  Test  Cov 


71. OX  75.5X  80.  OX  84.5X  89.0X 


♦ 


4 
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isst  Laysiags  at  rmai  rest, 

This  is  a  measure  of  the  test  effectiveness  or  test  coverage  at  final  test.  Assumed  is  a  fixed 
value  of  99%.  For  an  explanation  of  this  factor  and  its  use  see  Williams  and  Brown  [1]. 

Defect  Density  in  Wafer  Fab 

Defect  density  is  a  measure  of  the  total  defectivity  of  the  wafer  which  may  or  may  not  be 
detected  at  test  [2].  This  value  is  fixed  at  0.5  defects  per  cm2.  Defect  density  is  a  measure  of  all 
defects  which,  given  enough  time  and  use,  will  eventually  produce  an  electrical  failure  in  the  die. 
Some  portion  of  these  defects  will  escape  bum-in  and  test  and  will  result  in  field  failures.  Yield  is 
calculated  as  a  function  of  this  number  and  test  coverage. 

Summary  of  Inputs 


Factor 

Likeliest  or 
Mean 

Range  or 
Standard 
Deviation. 

Interconnect 

Interconnect  $/piece 

$55.00 

$34- $77 

Interconnect  $/cm 

$2.00 

$0.50  -  $4.00 

Interconnect  $/pin 

$0,005 

$0,001  -$0,010 

Replace  Inter  $/prod 

$2.00 

$0.50  -  $5.00 

Interconnect  Tooling  $/prod 

$8,000 

$5,000  -  $15,000 

Carrier 

Carrier  $/piece 

$48 

$36  -  $60 

Carrier  $/cm2 

$1.00 

$0.50 -$1.50 

Socket 

Socket  $/piece 

$24 

$10- $34 

Socket  $/cm 

$1.00 

$0.50 -$1.50 

Socket  $/pin 

$1.00 

$0.50 -$1.50 

Interconnect  Life 

Life  (#  assemblies) 

5000 

500-10,000 

Life  (Thermal  hrs) 

3000 

1000-10,000 

Life  (Temp  cycles) 

500 

1  - 1000 

Uses/Reclaim 

3 

1  -50 

Reclaims/Interconnect 

100 

20-1000 

Interconnect  mechanical  failure  rate 

2.00% 

0.00%  -  5.00% 

Alignment 


Carrier  Align  $/unit 


Carrier  Align  $/ unit  (auto 


Carrier  Align  sec/unit 


Likeliest  or 
Mean 


$1,500 


$60,000 


5 


Range  or 
Standard 
Deviation. 


$40,000  -  $80,000 


3-10 


Die  Align  $/unit  (manual 


Die  Align  $/unit  (mechanical 


Die  Align  $/unit  (visual 


Die  Align  sec/unit  (visual,  manual  or  auto 


Die  Align  sec/unit  (mechanical 


Align  Tooling  $/prod  (manual 


Align  Tooling  $/prod 


Align  Tooling  $/prod  (visual 


Align  Man  Labor  sec/unit  (manual 


Attachl 


Attachl  Equip  $/unit  (auto 


Attachl  Equip  sec/unit  (auto 


Attachl  Man  Labor  sec/unit  (manual 


Attache 


Attach2  Equip  $/unit  (auto 


Attach2  Equip  sec/unit  (auto 


Attach2  Man  Labor  sec/ unit  (manual 


DisAssm  Equip  $/unit  (auto 


DisAssm  Equip  sec/unit  (auto 


DisAssm  Man  Labor  sec/unit  (man 


Reciaim/Clean 


Reclaim  Equip  $/unit 


Reclaim  Equip  sec/unit 


Reclaim  Man  Labor  sec/unit 


$10,000 


$60,000 


$120,000 


12 


5 


$2,000  -  $20,000 


$40,000  -  $80,000 


$80,000  -  $200,000 


6-30 


3-10 


$500 

$0- $1,000 

$1,500 

$0  -  $3,000 

$1,000 

$0  -  $2,000 

$50,000 

$10,000 -$100,000 

5 

2-10 

10 

2-30 

$80,000 

$10,000  -  $400,000 

6 

2-24 

20 

2-60 

$80,000 

$20,000  -  $300,000 

10 

3-30 

15 

6-60 

$80,000  $50,000  -  $400,000 


5  1-30 


10  0-30 


Factor 

Likeliest  or 
Mean 

Range  or 
Standard 
Deviation. 

Failures 

Assam  induced  per  pin  failures  (ppm)  (manual) 

100 

50-500 

Assam  induced  per  pin  failures  (ppm)  (mechanical) 

20 

10-100 

10 

5-50 

DisAssem  induced  failures  (man)  (ppm) 

100 

50  -  500 

DisAssem  induced  failures  (auto)  (ppm) 

10 

5-50 

KGD  Technology  Independent  Inputs 

Production  Hrs/Yr 

6000 

4000  -  8760 

Oper  wages  $/hr 

12.5 

1.25 

%  Burden  Rate 

20.00% 

1.50% 

Non-prod  %  time 

2.00% 

%  T est  Cov  at  Wafer  Sortf  1 1 

80.00% 

3.00% 

%  T est  Cov  at  Final  Test  [1 1 

99.00% 

none 

► 
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PHASE  n  VALIDATION  PLAN 


Executive  Summary 

Our  findings  in  Phase  I  reveal  much  activity  and 
interest  in  the  industry  surrounding  the  KGD  questions. 
The  industry  guidelines  (TAG)  developed  in  this  project 
show  a  definite  bias  toward  temporary  contact  methods  as 
evinced  by  the  top  scoring  technologies  all  being  tempo¬ 
rary  contact  methods.  However,  these  technologies  have 
not  been  proven,  and  we  attribute  the  delay  in  product 
introductions  to  underestimating  the  difficulty  of  die 
problems  with  probing  A1  pads  on  silicon,  and  hence,  a 
tendency  to  underfund  development  efforts;  especially 
with  lack  of  industry  consensus  behind  any  rate  method. 
The  lack  of  a  cost  effective  technology  for  assuring 
Known  Good  Die  remains  the  stumbling  block  to  wide¬ 
spread  adoption  of  MCMs  in  industry. 

The  goal  of  the  Phase  n  work  is  to  develop  industry 
confidence  that  one  or  more  KGD  solutions  is  in  place 
and  is  effective  at  supplying  KGD  into  real  applications. 
The  plan  is  composed  of  three  stages. 

•  Evaluation 

•Qualification 

•  Product  Insertion 


Under  the  Phase  I  effort,  MCC  has  assessed  the 
technology,  determined  readiness  and  identified  cost 
drivers  for  KGD  carriers.  The  price,  availability,  and 
applicability  of  die  level  KGD  carrier  technologies  have 
been  determined  through  the  release  of  RFQ’s  for  the 
Phase  II  validation.  Three  RFQs  (carriers,  test  and  bum- 
in  services  and  die)  and  a  Statement  of  Work  were  sent 
out  to  companies  developing  KGD  solutions  in  the 
industry.  As  a  major  emphasis  was  put  on  the  product 
insertion  stage  of  the  Phase  Q  work,  an  addenda  to  the 
RFQ  for  die  was  issued  spelling  out  the  testing  require¬ 
ments  and  expected  deliverables  for  the  die  supplier. 
Copies  of  the  RFQs  and  SOW  are  included  in  this  section 
of  the  Phase  I  report  as  an  appendix. 

A  Phase  II  steering  committee  has  directed  MCC 
through  the  Phase  n  planning  stages  and  has  defined 
these  test  plans.  This  steering  committee  will  transition 
into  an  advisory  board  once  Phase  n  commences  and  will 
be  responsible  for  decision  points  in  the  Phase  n  project 
Figure  1  illustrates  the  overview  of  the  KGD  project, 
showing  the  relationship  of  Phase  I  to  Phase  II. 


Figure  1:  KGD  Project  Overview:  This  report  summarizes  the  results  of  phase  I,  and  outlines  the  plans  for  phase  II. 
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1.0  Phase  II  Evaluation 

Based  on  available  funding  for  testing  costs,  we 
propose  to  evaluate  four  or  five  selected  KGD  approaches 
of  the  24  assessed  in  Phase  I  (See  Table  2,  Subsection 
1.0).  The  evaluation  of  the  four  or  five  selected  ap¬ 
proaches  will  be  based  on  the  industry  generated  Technol¬ 
ogy  Assessment  Guidelines  (TAG)  and  the  Phase  II 
steering  committee  direction.  The  tests  will  be  performed 
'  on  KGD  carriers  in  a  laboratory  setting  using  blanket 
aluminum  or  ink-dot  die  only.  The  following  are  tests 
that  will  be  used  to  evaluate  the  carriers  performance  as 
specified  in  the  TAG1.  These  tests  will  be  performed  at 
MCC’s  laboratories  (or  subcontracted  to  a  qualified  test 
company  where  appropriate). 

1.1  Phase  II  Tests 

Test  Method  1.  Planarity  of  Die/Interconnect 

KGD  carrier  interconnect  will  be  tested  for  its 
contact  resistance  to  a  dummy  die  with  mul¬ 
tiple  Al  layers  to  provide  a  range  of  pad 
heights. 

Test  Method  2.  Die  Damage  or  Contamination 
Die  will  be  stationed  in  KGD  carrier  or  socket 
and  removed  per  manufacturer’s  specifica¬ 
tions.  Die  will  be  inspected  for  bond  pad 
damage  due  to  probe  contact  per  MIL  Stan¬ 
dard  883D  Method  2010.10.  Die  will  be  in¬ 
spected  for  damage  to  layers  underlying  the 
bond  pad  metal  due  to  probe  contact  per  MIL 
Standard  883D  Method  2010.10.  Die  will  be 
tested  for  loss  of  adhesion  to  die  attach  mate¬ 
rial  from  damage  or  contamination  of  back 
side  of  die  due  to  Carrier  or  socket  contact  per 
MIL  Standard  883D  Method  2019.5.  Die  will  be 
inspected  for  intermetallic  formation  on  bond 
pad  due  to  probe  contact  with  Auger  Electron 
Spectroscopy  per  ASTM  method  E  827-88 
prior  to  and  after  temperature  and  humidity 
(85/85)  exposure  for  168  hours. 

k  Test  Method  3.  Temperature  Cycling 

KGD  carrier  will  be  temperature  cycled  per 
MIL  Standard  883D  Method  1010.7  except 


with  a  temperature  ranges  of  0  °C  to  85  °C, 

0°C  to  +125°  C,  and  -55  °C  to  150  °C. 

Test  Method  4.  Contact  Resistance 

KGD  carrier  interconnect  will  be  tested  for  its 
contact  resistance  per  MIL  Standard  883D 
Method  3017.3.3.  Contact  resistance  must  be 
less  than  or  equal  to  0.5  £1  KGD  carrier 
contact  resistance  will  be  measured  prior  to 
and  during  temperature  cycling. 

Test  Method  5.  Maximum  Clock  Frequency,  Charac¬ 
teristic  Impedance,  and  Bandwidth 

KGD  carrier  interconnect  will  be  tested  for 
TDR  rise  time  per  MIL  Standard  883D  Method 
301 7.  The  characteristic  impedance  will  be 
measured  from  the  impedance  waveform 
display  on  the  TDR.  The  characteristic  imped¬ 
ance  must  be  within  10%  of  the  designed 
impedance.  Using  the  same  test  setup  while 
replacing  the  TDR  with  a  network  analyzer,  the 
KGD  carrier  interconnect  will  be  tested  for  its 
bandwidth  per  MIL  Standard  883D  Method 
4004,1.3.4.  Bandwidth  must  be  greater  than  or 
equal  to  500  MHz.  MIL  Standard  883D  Method 
3018  will  be  used  for  measuring  the  level  of 
cross  coupling  of  signals  and  noise  between 
pins,  although  no  rules  have  been  defined. 

Test  Method  6.  Die  Damage  or  Contamination  Alter 

Two  Touchdowns 

Die  will  be  stationed  in  KGD  carrier  or  socket 
and  removed  twice  per  manufacturer’s  specifi¬ 
cations.  Die  will  be  inspected  for  bond  pad 
damage  due  to  probe  contact  per  MIL  Stan¬ 
dard  883D  Method  2010.10.  Die  will  be  in¬ 
spected  for  damage  to  layers  underlying  the 
bond  pad  metal  due  to  probe  contact  per  MIL 
Standard  883D  Method  2010.10.  Die  will  be 
tested  for  loss  of  adhesion  to  die  attach  mate¬ 
rial  from  damage  or  contamination  of  back 
side  of  die  due  to  Carrier  cr  socket  contact  per 
MIL  Standard  883D  Method  2019.5.  Die  bond 


1  These  test  methods  were  added  to  the  TAG,  making  it  revision  3.0,  which  is  included  as  Section  III  of  this  report. 
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IC/C  airier 

Establish  Materials  Requirement 


ATD  supplier  IC  supplier 


Ha  -  Carrier  TAG  evaluations  -  Test  lTe“  QuP‘  |  Live  Qnp»  Req'd  |  c«nen  r a( 
Chip 


nb  -  Qualification  Tests-  Live  Chip  lTe*t  R“t'<1 1  Live  dupe  Req'd  I  Cnin  Req 


KGD  Phase 


lib  -  Qualification  Tests  -  IC  supplier  1®**  Chip*  R«q’d|  Live  Chips  Req’d  I  Carrien  Req’ 
internal  tests 


Phase  II  Product 


Hb  -  Production  Tests 


|  Test  Chips  Req'd  |  Live  Chips  Req'd  |  Carriers  Req' 


Haim 


Production  of  KGD  -  Information 
from  tests  supplied  to  MCC 


Cost/risk  Analysis 


Visual  Inspection 


Functional  Test 


Package 


j  r  i  r-M  m  r*  I 


Figure  2.  This  worksheet  represents  the  test  plan  which 
the  subcommittee  of  the  KGD  task  group  developed  for 
die  phase  II  validation.  The  three  stages  of  phase  II  are 
shown,  with  a  brief  description  of  testing  activities 
taking  place  during  that  stage.  The  figure  is  a  two  page 
spread  and  continued  overleaf.  It  is  intended  to  serve  as 
a  worksheet  to  be  developed  for  each  selected  Phase  II 
evaluation/qualification  planned  for  Phase  II. 


pads  will  be  tested  for  compliance  with  bond 
strength  requirements  per  MIL  Standard  883D 
Method  201 1 .7  conditions  C  and  F.  Test  6  will 
be  repeated  after  temperature  cycling  and 
bum-in. 


Test  Method  7.  Burn-in  Test 

KGD  carrier  will  undergo  bum-in  per  MIL 
Standard  883D  Method  101 5  8 .  Test  method 
for  contact  resistance  (test  method  4)  will  be 
applied  during  bum  in.  Visual  inspection  per 
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II  Test  Plan 


Qualification  to  MCC  requirements 
1C  supplier  responsibility 


Visual  Inspection 


Electrical  Test 


Monitored  Bum-in 


Failure  Analysis 


Package 


Temp  Cycle 


Phase  II  Evaluation 


evaluation  ot  earner  with  test 
(dummy)  chips  -  MCC  responsibility 


5 


Destructive  Tests  I  MCC 


Mechanical 

Inspection 

Non-planahty 

measurement 

HM 

BH 

Visual  Inspection 

Assemble  Die  into  Carriers 

t  i - 

Visual  Inspection  Electrical  Test  " 

♦  t  / 

Electrical  Test -  -  ”  w 

^  Temp  Cycle 

Monitored  Bum-in  ^ 

^  Electrical  Test 

Electrical  Test -  -  ▼ 

t'  T 

Failure  Analysis/  Accelerated  Life 

Package  ■■■““  Destructive  Tests  Test 

Qualification  Test  Flow 


MIL  Standard  883 D  Method  2009.8  will  be 
performed  after  bum  in. 

Test  Method  8.  Thermal  Resistance 

KQD  carrier  will  be  tested  for  its  thermal 
resistance  per  MCC  specified  thermal  resis¬ 


tance  test.  The  KGD  carriers’  thermal  resis¬ 
tance  will  be  tested  using  two  test  methods. 
One  method  would  be  to  measure  the  junc- 
tion-to-ambient  thermal  resistance  in  a  forced 
or  free  convection  environment.  This  method 
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evaluated  in  accordance  to  the  TAG  test  methods 


could  be  similar  to 
tiie  SEMI  specifica¬ 
tion  G38,  with  the 
exception  of  using  a 
thin  film  resistor 
sputtered  on  silicon 
rather  than  a 
thermal  test  chip. 

Another  method 
would  be  to  mea¬ 
sure  junction-to- 
ambient  and  junc- 
tion-to-case  thermal 
resistances  in  a 
system  which  uses 
a  flat  cooling  sur¬ 
face  to  a  cold  plate 
for  its  primary  heat 
transfer  mechanism. 

Test  Method  9.  Contact 
Resistance  During  Burn  In 

KGD  carrier  interconnect  will  be  tested  for  its 
contact  resistance  per  MIL  Standard  883D 
Method  3017.3.3  during  the  test  method  for 
bum-in  (test  method  7).  Contact  resistance 
must  be  less  than  or  equal  to  0.5  Q. 

figure  3  shows  the  sequence  of  tests  which  will  be 
done  in  conjunction  with  the  Phase  n  evaluation  of  KGD 
carriers. 

The  above  test  methods  were  developed  to  character¬ 
ize  particular  KGD  approaches  using  the  TAG  guide¬ 
lines.  One  additional  test  that  has  not  been  specified,  but 
which  we  will  recommend  as  part  of  the  Phase  II  evalua¬ 
tion  is  to  determine  number  of  reuses.  MCC  will  recom¬ 
mend  to  die  Phase  II  subcommittee  that  a  test  (or  senes  of 
tests)  be  identified  to  evaluate  number  of  carrier  assem¬ 
blies  (die  load/unload),  time  at  temperature  and  number 
of  temperature  cycles.  This  additional  testing  recommen¬ 
dation  is  the  result  of  our  cost  modeling  work  which 
suggests  that  number  of  reuses  of  KGD  carriers  is  a  key 
cost  driver. 

The  KGD  program  will  tool  suppliers  to  build  these 
carriers  for  particular  die  specifications.  Each  carrier 
supplier  will  team  with  an  IC  supplier  and  tool  for 


providing  test  and  bum-in  for  a  specific  die.  In  other 
words,  each  carrier  supplier  will  be  tooled  to  accommo¬ 
date  a  different  die. 

12  IC  Supplier  Tasks  for  Phase  n  Evaluation 

The  IC  supplier  will  be  responsible  for  perfor¬ 
mance  of  the  following  tasks  for  the  Phase  II  evaluation. 

Procure  and  supply  die  required  numbers  of  dummy 
(ink  dot)  die  for  the  KGD  Technology  demonstration 
for  Phase  II  evaluation. 

Contract  with  a  selected  KGD  carrier  Supplier 

Design  and  fabricate  the  test  sockets  for  the  test  and 
bum-in  boards  for  the  production  device  to  be  used  in  the 
demonstration. 

Provide  the  KGD  carrier  supplier  with  all  documenta¬ 
tion  necessary  to  fabricate  the  test  and  burn-in  sockets 
and  carriers. 

Supply  a  number  of  example  die  for  the  Phase  II 
evaluation. 

Design  and  procure  the  test  board  for  interfacing  to 
carrier’s  socket 

Perform  thermal  analysis 

Establish  bum-in  temperature  to  emulate  existing 
production  bum-injunction  temperature  levels. 
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2.0  Phase  n  Qualification 

The  Phase  n  advisory  committee  will  recommend 
selection  of  one  or  two  carriers  for  full  qualification 
testing.  The  selection  will  be  based  primarily  on  the 
carrier’s  capability  to  meet  the  test  and  bum-in  require¬ 
ments  of  the  specific  die  for  which  it  has  been  tooled 
This  capability  will  be  determined  in  Phase  H  evaluation 
using  the  test  methods  based  on  the  TAG  (as  described 
above).  Qualification  testing  will  take  place  in  the  1C 
supplier’s  factory  on  a  limited  number  of  die  (our  test 
plan  calls  for  100  devices  or  less).  The  Phase  II  steering 
committee  has  developed  a  minimal  qualification  plan. 
Since  the  goal  for  the  qualification  is  to  develop  the 
capability  to  supply  KGD  in  a  particular  supplier’s  IC  fab 
line,  the  expectation  is  that  the  IC  supplier  will  have 
additional  testing  before  the  KGD  technology  is  fully 
qualified  to  be  used  in  production. 

Phase  n  Carrier  Evaluation  8 
Qualification  Flowchart 


2.1  Phase  n  Qualification  Tasks 

The  IC  supplier  will  use  the  following  test 
procedures  as  minimum  recommended  qualification 
requirements.  Each  IC  supplier  will  add  additional  tests 
or  more  stringent  procedures  if  required  to  facilitate  full 
qualification  in  their  fab  line. 

Modify  the  existing  production  device  fixtures, 
loadboards,  test  programs,  etc.  to  work  with  the 
carrier  test  socket. 

Supply  the  required  numbers  of  functional  die  for 
the  qualification  plan 

Visually  inspect  each  die  after  die  is  assembled  into 
carriers 

Functionally  test  each  die  in  KGD  carrier. 

Burn-in  each  die  using  the  KGD  carriers. 

The  thermal  environment  should  be  maintained 
as  close  as  possible  to  the  production  bum-in  levels  at 
the  IC  junctions.  Monitor  devices  to  assure  continuous 

electrical  contact. 

Test  each  die  after 
bum-in  using  the 
KGD  carrier. 

Package  devices  to  standard 
production  requirements. 

A  subgroup  control  lot  should 
be  used  only  if  similar  accelerated 
life  test  data  is  not  available  from  the 
production  devices. 

Accelerated  Life  Test  Minimum 
Requirements 

If  the  final 
package  is  a  hybrid 
or  multi-chip  module, 
accelerated  life  test 
the  package  with  a 
KGD  device  per  Mil- 
H-38534  group  C 
requirements. 

If  final 

package  is  a  single 
chip  device,  then  use 
Mil-H-38535  table  V 
group  C  steady  state 
life  test,  which 
requires  45  func- 


Phase  i  RFQ  Responses 

1)  Carrier/Sockets 

2)  Die  Types 

3)  Assembly,  Test,  Bum  In 


Generate  Preliminary 
Phase  Ds/b  Test  Plans 


V  milestone 
O  Task 

O 

CTZ3  Phase  I  Task 


P«tahu«t%  production  source 
from  each  die  category: 
DRAM  .SRAM  .DSP/)! 
processor,  Analog 


Figure  4.  This  flow  diagram  shows  the  complete  test  flow  as  devleoped  by  the  Phase  El  steering 
committee. 
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tional  parts. 

Temperature  Cycle 

5  samples  from  above  accelerated  life  tests  will 
be  subjected  to  temperature  cycle  per  MIL-STD-883, 
Method  1010  Condition  A(-55  to  85  C)  at  intervals  of  100 
cycles  and  electrically  tested.  Temperature  cycling  is  to 
continue  till  failure  or  1000  cycles,  whichever  occurs  first. 

Provide  a  final  report  documenting  all  testing  and  test 
results. 

Once  qualification  is  complete,  the  IC  supplier  will 
have  the  capacity  to  begin  selling  KGD  based  on  the 
selected  approach. 

3.0  Phase  n  Product  Insertion 

The  final  stage  of  Phase  II  is  a  product  insertion  At 
this  stage,  the  IC  supplier  will  have  developed  a  qualified 
process  for  producing  KGD  and  will  be  providing  die  into 
an  application.  We  will  acquire  data  on  the  KGD  shipped 
into  the  product  to  determine  the  efficacy  and  cost 
effectiveness  of  the  process. 

3.1  Production  Insertion  Tasks 

Provide  KGD  production  insertion  information. 

This  includes  actual  cost  figures  which  can  be 
used  to  compare  test  strategies. 

Document  all  qualification  additions  or  changes  in 
writing  to  MCC. 


The  IC  supplier  will  perform  failure  analysis  on  all 
failures  as  they  occur  and  send  documentation  and 
failed  parts  to  MCC. 

3.2  Phase  II RFQ  Responses 

The  following  companies  have  indicated  they  will 
quote  either  carriers,  die  or  test  and  bum-in  services  for 
Phase  n. 

4.0  Conclusion 

The  quotations  from  the  companies  have  been 
evaluated  according  to  the  criteria  specified  in  the  RFQs. 

Criteria  Importance 

Technical . 40% 

Schedule . 30% 

Cost . 20% 

Management....  10% 

The  final  selection  of  KGD  technologies  to  be 
evaluated  in  Phase  n  will  be  made  when  the  Phase  II 
plans  are  approved  by  ARP  A.  The  details  of  the  Phase  n 
testing,  schedules  and  milestones  will  be  developed  with 
the  KGD  Task  Group  subcommittee  when  the  exact  KGD 
carriers,  die  and  test  arid  bum-in  requirements  are  se¬ 
lected. 


Table  1 .  List  of  companies  which  have  responded  to  the  RFQs  issued  in  Phase  I.  Most  of  the  carrier  suppliers  are 
teamed  with  IC  suppliers  (or  MCM  assemblers). 
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MCC  TECHNICAL  REPORT 
HVE-093-93 

RFQ:  Fabrication  of  Known  Good  Die 
Test  and  Burn-in  Carriers 


* 


©  1993  Microelectronics  and  Computer  Technology  Corporation.  All  Rights  Reserved. 
Members  of  MCC  may  reproduce  and  distribute  this  material  for  internal  puiposes  by  retaining 
MCC  copyright  notice  and  proprietary  legends  and  markings  on  all  complete  and  partial  copies. 
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Request  for  Quotation  -  Fabrication  of  Known  Good  Die  Test  and  Burn-in  Carriers 


Reference: 

1)  Technology  Assessment  Guideline  for  Methods,  Materials  and  Equipment  Necessary  to 
Prepare  and  Ship  Semiconductor  Devices  as  Fully  Warranted  Bare  Die  Product,  Revision 
2.5. 

2)  Statement  of  Work  for  the  Procurement  of  Known  Good  Die,  HVE-092-93. 

3)  Standard  for  Known  Good  Die,  JEDEC  modified  Version  2.0, 18  May  1993,  as  submitted 
for  ballot. 

4)  Standard  for  Flip  Chip  Known  Good  Die  (FCKGD),  working  Version  1.0,  22  July  1993, 
based  upon  JEDEC  Wire  Bonded  KGD  ballot  version. 

Microelectronics  and  Computer  Technology  Corporation,  Known  Good  Die  (hereinafter  referred  to 
as  "MCC,  KGD")  is  hereby  requesting  a  firm,  fixed-priced  Quotation  for  the  below-mentioned 
products  and  services  as  specified  in  the  work  section  of  this  RFQ.  Please  pay  close  attention  to 
the  Quotation  parameters,  direct  omissions  may  cause  your  inputs  to  be  non-acceptable. 


Section  I  -  Material  Quotation 

I.  The  Work 

The  Supplier  shall  furnish  materials,  supplies,  services,  special  manufacturing  aids,  and  facilities 
not  furnished  by  the  Buyer.  The  Supplier  shall  perform  the  work  necessary  to  fabricate,  assemble, 
test,  and  deliver  the  items  specified  below  in  accordance  with  the  schedules,  instructions, 
specifications  and  documents. 

Any  drawings  referenced  in  this  document  and  any  other  specifications  and  documents  referenced 
herein,  are  hereby  incorporated  and  made  a  part  hereof,  and  shall  be  applicable  to  all  work  listed 
below.  Deliverable  items  shall  be  provided  in  accordance  with  the  attached  Statement  of  Work. 

The  receiving  party  of  this  RFQ  agrees  to  disclose  such  proprietary  information  necessary  to 
sufficiently  describe  and  document  the  Known  Good  Die  Assurance  Technology  Devices 
(hereinafter  referred  to  as  "KGD  ATD")  and  methods  to  be  used  by  the  Supplier.  This  information 
is  to  be  clearly  marked  as  confidential  and  proprietary  in  order  that  MCC,  KGD  may  adequately 
protect  this  information.  MCC,  KGD  agrees  to  protect  this  proprietary  iniformation  according  to 
prior  agreement  with  the  Supplier,  and  to  reveal  such  proprietary  information  only  to  its  employees 
with  a  need-to-know,  and  not  to  any  third  party. 

♦♦Accepting  this  RFQ  Constitutes  Agreement** 

II.  Deliverable  Items/Descriptions 

The  Supplier  is  requested  to  submit  a  cost  for  each  item  of  his  preference  listed  below  in 
accordance  with  the  attached  Technology  Assessment  Guidelines  (reference  1).  However,  cost 
should  include  at  a  minimum  one  choice  of  items  1  through  4  and  must  include  items  5  and  6. 
Each  item  should  be  priced  separately  with  purchase  order  awards  being  on  an  item  by  item  basis. 
Supplier  should  estimate  the  number  of  components  (including  yield  loss)  of  each  type  required  to 
yield  the  as  specified  quantities  for  each  item.  This  yield  loss  estimate  for  each  item  should  be 
included  in  the  Quotation. 

The  same  Technology  Assessment  Guidelines  will  be  used  to  evaluate  all  KGD  ATD  method¬ 
ologies.  The  dash  number  (xx)  will  be  used  to  identify  specific  characteristics  of  an  individual 
KGD  integrated  circuit  category.  To  date  the  dash  number  refers  to  the  following  specific  KGD 
die  types: 


180 


The  device  carrier  (for  carrier  based  methodologies)  shall  be  as  defined  per  the  vendor  specifi¬ 
cation.  Devices  shall  be  connected  to  the  carrier  using  wire  bond,  tape  automated  bonding  (TAB), 
and/or  other  technologies.  Drawings  of  the  device  carriers  and  descriptions  of  their  use  and  cost 
are  to  be  provided  by  die  Supplier. 


Item  I  Quanti 


1 

500 

1000 


■i  n  f  ll  I 


Description 


D  ATDs  for 
components,  completely 
screened  and  tested  to  the 
quality  assurance  provisions 
of  vendor  specifications. 


Same  KGD  ATDs  as  item  1) 
above  with  the  exception  that 
carrier  should  be  for  SRAM 
IC  components. 


Same  KGD  ATDs  as  item  1) 
above  with  the  exception  that 
carrier  should  be  for 
Microprocessor,  Digital  Signal 
Processor,  or  Application 
Specific  Integrated  Circuit 
class  of  components. 


Same  KGD  ATDs  as  item  1) 
above  with  the  exception  of 
carrier  should  be  for  Analog 
or  Mixed  Signal  class  of 

ed  circuit  components. 


ontmuity  testing  of  carriers 
n  items  1  through  4  above. 


Buyer-Supplier  Responsibilities 


upplier  should  Bid  this  item  with  the 
Buyer  supplying  the  (bumped  or  unbumped) 
die,  sort  tested  per  reference  2.  All  other 
required  components/parts  are  the  Supplier 
responsibility.  Primarily  these  are  discrete  IC 
carriers  or  temporary  packages,  and  do  not 
include  any  required  additional  components. 
Any  deviations  in  additional  components 
required  are  to  be  identified  by  the  Supplier 
and  included  in  the  cost  of  this  quotation. 


e  Supplier  should  bid  this  item  in  the  same 
way  as  item  1)  above. 


The  Supplier  should  bid  this  item  in  the  same 
way  as  item  1)  above. 


The  Supplier  should  bid  this  item 
way  as  item  1)  above. 


e  same 


The  cost  quote  should  indicate  the  cost  of 
inspecting  the  carriers  in  each  of  the  four 
categories  above,  in  each  of  the  requested 
pricing  quantities.  If  a  sampling  plan  is  used, 
the  specifics  of  that  plan  should  be  outlined  in 
the  cost  quotation. 
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III.  Delivery  Schedule 

Component  Date 

1 )  Response  to  RFQ  8/6/93 

2)  Expected  purchase  order  (PO)  release  date  is  10/1/93 

3)  Carrier  Delivery  1 Q94 


The  following  Buyer  furnished  data  and  components  will  be  made  available  with  the  purchase 
order. 

1)  Integrated  circuit  specifications,  including  power  dissipation  requirements. 

2)  Top  layer  layout  of  integrated  circuit  bond  pads  in  GDSII  or  Gerber  format.  * 

IV.  Submission  of  Quotations 

The  Quotation  must  be  signed  by  an  official  authorized  to  contractually  bind  the  offerer. 

It  is  required  that  your  Quotation  be  valid  for  a  period  of  not  less  than  90  days  from  the  submission 
date  specified.  Quotations  may  be  modified  or  withdrawn  by  written  or  electronic  communication 
notice  received  at  any  time  prior  to  award.  Quotations  may  be  withdrawn  in  person  by  an  officer 
or  authorized  representative,  provided  his  identity  is  made  known  and  he/she  signs  a  receipt  for  the 
offer  prior  to  award. 

V.  Order  of  Precedence 

In  the  event  of  any  inconsistency  between  the  Request  for  Quotation  and  any  specification  or  other 
provisions  which  are  made  a  part  of  the  Request  for  Quotation  by  reference  or  otherwise,  the  order 
of  precedence  shall  be  as  follows: 

1.  Purchase  Order. 

2 .  Typed  provisions  in  this  Request  for  Quotation  (RFQ). 

3 .  Subcontractor  Data  Requirements  List  (SDRL),  if  applicable. 

4.  Other  provisions  of  this  RFQ  when  attached  or  incorporated  by  reference. 

VI.  Notice  to  Offerers 

Offerers  are  cautioned  to  initially  submit  their  most  favorable  Quotation,  price,  and  other  factors 
considered. 

This  RFQ  does  not  commit  MCC,  KGD  to  award  a  contract.  MCC,  KGD  reserves  the  right  to 
reject  any  or  all  Quotations  or  to  negotiate  separately  with  any  source  considered  qualified,  and  to 
waive  informalities  and  minor  irregularities  in  offers  received.  MCC,  KGD  shall  not  be  liable  to 
offerer  for  any  costs  incurred  by  offerer  as  a  result  of  the  submission  of  its  Quotation  in  reply 
hereto. 

VII.  Late  Quotations 

MCC,  KGD  reserves  the  right  to  consider  Quotations  or  modifications  thereof  received  after  the 
date  indicated  for  such  purpose,  but  before  award  is  made,  should  such  action  be  in  the  best 
interest  of  MCC,  KGD.  However,  on  time  submittals  will  be  given  precedence.  * 

Section  II  -  Instructions  for  Quotation  Preparation  and  Submission 

I .  Objectives  ■ 

This  section  describes  the  requirements  for  preparing  and  submitting  the  requested  Quotation.  The 
instructions  provided  herein  must  be  carefully  followed  inasmuch  as  substantial  deviations. 
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qualifications,  or  omissions  of  essential  data  could  result  in  your  Quotation  being  considered  non- 
responsive  and,  therefore,  ineligible  for  subsequent  contract  award  consideration. 

II.  Number  of  Copies 

Submit  the  specified  quantities  of  each  Quotation  as  defined  below  to  the  address  listed  below. 

1 .  3  copies  of  the  Management  Quotation  (Optional). 

2 .  3  copies  of  the  Technical  Quotation  (Required). 

3 .  3  copies  of  the  Cost  Quotation  (Required.) 

Submit  quotations  to: 

Brenda  Ulbricht 
12100  Technology  Blvd. 

Austin,  TX  78746 

-or- 

FAX  your  Quotation  to  Larry  Gilg  at  (512)  250-2893. 

III.  Management  Quotation  (Optional  for  this  requirement) 

The  Management  Quotation  shall  include  the  following  information  as  a  minimum: 

1 .  Summary  of  your  company  capabilities  and  history,  which  should  include  a  history  of  the 
business,  business  record  and  current  business  base. 

2.  Summary  of  your  company  manpower  and  identification  of  key  personnel.  A  Program 
Manager  may  be  required  for  the  work  specified  herein. 

3.  A  chart  of  the  organization  to  be  used  in  the  performance  of  the  effort.  Identify  key 
technical  and  management  personnel  assigned  and  indicate  their  function,  responsibilities, 
and  percent  of  time  committed  to  this  effort.  Provide  resumes  for  key  personnel. 

IV.  Cost  and  Pricing  Data  (Subsequent  Cost  Quotation) 

A.  The  Supplier  shall  segregate  the  cost  as  follows,  if  applicable  and  in  accordance  with  each 
deliverable  item  per  section  L  paragraph  II: 


Cost  Line  Item 

Recurring  Cost 

Non-Recurring  Cost 

N/A 

Required 

KGD  ATD  Fabrication  Cost 

Required 

Required 

KGD  ATD  Open  and  Shorts  Test 

Required 

KGD  ATD  QCI  inspection 

■m 

V.  Technical  Quotation  (Required) 

The  Technical  Quotation  shall  provide  a  thorough  understanding  of  the  offeror's  approach  to 
satisfying  the  requirements  of  the  Technology  Assessment  Guidelines  (reference  I).  This  should 
include  the  Supplier  capability  to  meet  all  of  the  requirements  of  the  Technology  Assessment 
Guidelines  (TAG)  and  specif,  indications  of  failures  to  meet  the  TAG  requirements.  All 
information  requested  in  the  TAG  should  be  fully  described  here. 

Your  Technical  Quotation  shall  be  organized  according  to  the  following  format  and  shall  include 
the  following  topics  as  a  minimum: 
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1.  Introduction 


2.  Requirements 

3.  Approach  to  satisfy  technical  requirements  (include  the  identity  of  the  person  who  has 
responsibility  for  the  technical  requirements  being  satisfied. 

A.  Design  definition  including  detailed  definition  of  KGD  ATD  and  assembly  designs. 

B .  Perform  thermal  analysis  of  the  KGD  ATDs;  verify  an  adequate  thermal  path  for  the  IC. 

C .  Rationale  for  KGD  approach,  detailing  advantages  and  disadvantages. 

D.  Risk  or  areas  of  concern. 

E.  Mechanical  parameters  (bonding  and  die  attach  requirements). 

F .  Design  reviews  of  KGD  ATD  in  conjunction  with  MCC,  KGD  personnel. 

G .  Technical  documentation  as  defined  in  Technology  Assessment  Guidelines  (reference  1). 

H .  Compliance  to  this  RFQ  requires  a  response  to  each  of  the  following  items: 

1 .  Estimate  the  total  quantity  of  each  KGD  ATD  component  type  required  to  yield  the 
specified  KGD  ATD  quantities  per  section  I,  paragraph  II  deliverables. 

2 .  A  preliminary  parts  list  and  physical  layout  of  the  KGD  ATDs  that  will  be  required  for 
each  IC  category  (DRAM,  SRAM,  pP/DSP/ASIC,  Analog).  It  is  required  that  the 
Supplier  acknowledge  that  layout  deviations  are  required  and  a  delivery  date  for  these 
layouts  in  GDSU  format  must  be  identified  to  meet  intent  of  this  Quotation.  The 
assembly  constraint  design  rules  should  be  supplied  if  different  from  the  Technology 
Assessment  Guidelines. 

I.  Any  Supplier  using  subcontract  work  for  this  effort  must  identify  in  their  Quotation  the 
tasks  to  be  subcontracted  and  the  subcontractor. 

J.  Buyer  requires  that  the  Supplier  provide  a  cost  and  schedule  risk  assessment  of  the 
processes  and  technologies  proposed  by  the  Supplier  to  meet  the  requirements  of  the 
Technology  Assessment  Guidelines.  Alternatives  to  high  risk  items  should  be  identified. 

4.  Testing  Han -Per  Statement  of  Work 

A.  Electrical  Acceptance  Testing  (opens  and  shorts) 

B  Quality  Conformance  Inspection  (indicate  full  inspection  or  sampling  plan  and  inspection 
criteria). 

5.  Table  of  Compliance 

Explain  the  methods  and  technical  approach  by  which  you  propose  to  satisfy  the  technical 
requirements  exhibited  by  the  Technology  Assessment  Guidelines  (reference  1).  Describe 
specifically  how  you  plan  to  accomplish  the  objectives  and  tasks.  Provide  sketches,  drawings, 
flow  diagrams,  and  charts  as  appropriate.  Discuss  alternative  solutions  explored,  analyzed, 
and  rejected,  and  the  reasons  for  the  rejections.  Include  a  statement  of  any  assumptions  made 
by  you  as  to  the  definition  of  the  requirements. 

In  addition  to  the  Technology  Assessment  Guidelines,  the  KGD  ATDs  shall  be  evaluated  for 
susceptibility  to  damage  or  loss  of  electrical  contact  due  to  mechanical  shock  encountered 
during  normal  handling . 


Section  III  •  Conclusion 

I .  Quotation  Evaluation 

Quotations  submitted  may  be  evaluated  in  strict  accordance  with  the  criteria  listed  below  in  order  of 
inqxHtance: 
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Criteria  Importance 

Technical  40% 

Schedule  30% 

Cost  20% 

Management  10% 

II.  Technical  Contact 

Any  questions  of  a  technical  nature  may  be  directed  to  Mr.  Chad  Noddings,  at  (512)  250-2863. 

III.  Special  Note 

Offerer  shall  confirm  receipt  of  this  RFQ  and  advise  MCC,  KGD,  in  writing,  no  later  than  close 
of  business  August  6,  1993  of  his  intent  to  submit  a  Quotation  in  accordance  with  these 
instructions.  Please  supply  the  requested  information  to  fill  in  the  TAG  by  close  of  business 
August  16,  1993. 

It  is  requested  that  the  Offerer  formally  respond  to  this  Request  for  Quotation  on  or  before 
close  of  business  on  September  1,  1993.  Please  forward  your  final  Quotation  to 
undersigned  at  the  aforementioned  address,  as  well  as,  any  formal  questions  you  may  have  in 
proposing  process.  Thank  you  for  your  time  and  attention  in  this  matter. 


* 
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* 


MCC  TECHNICAL  REPORT 
HVE-094-93 

RFQ:  Integrated  Circuits  for  Use 
in  Known  Good  Die  Process  Evaluation 


* 


©  1993  Microelectronics  and  Computer  Technology  Corporation.  All  Rights  Reserved. 
Members  of  MCC  may  reproduce  and  distribute  this  material  for  internal  purposes  by  retaining 
»  MCC  copyright  notice  and  proprietary  legends  and  markings  on  all  complete  and  partial  copies. 
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Request  for  Quotation  -  Integrated  Circuits  for  Use  in  Known 
Good  Die  Process  Evaluation 


Reference: 

1)  Technology  Assessment  Guideline  for  Methods,  Materials  and  Equipment  Necessary  to 
Prepare  and  Ship  Semiconductor  Devices  as  Fully  Warranted  Bare  Die  Product,  Revision 
2.5. 

2)  Statement  of  Work  for  procurement  of  Known  Good  Die,  HVE-092-93. 

3)  Standard  for  Known  Good  Die,  JEDEC  modified  Version  2.0, 18  May  1993,  as  submitted 
for  ballot. 

4)  Standard  for  Flip  Chip  Known  Good  Die  (FCKGD),  working  Version  1.0,  22  July  1993, 
based  upon  JEDEC  Wire  Bonded  KGD  ballot  version. 

Microelectronics  and  Computer  Technology  Corporation,  Known  Good  Die  (hereinafter  referred  to 
as  "MCC,  KGD”)  is  hereby  requesting  a  firm,  fixed-priced  Quotation  for  the  below  mentioned 
products  and  services  as  specified  in  the  work  section  of  this  RFQ.  Please  pay  close  attention  to 
the  Quotation  parameters,  direct  omissions  may  cause  your  inputs  to  be  non-acceptable. 


Section  I  -  Material  Quotation 

I.  The  Work 

The  Supplier  shall  furnish  materials,  supplies,  services,  special  manufacturing  aids,  and  facilities 
not  furnished  by  the  buyer.  The  Supplier  shall  perform  the  work  necessary  to  fabricate,  assemble, 
inspect,  and  deliver  the  items  specified  below  in  accordance  with  the  schedules,  instructions, 
specifications  and  referenced  documents. 

Any  drawings  referenced  in  this  document  and  any  other  specifications  and  documents  referenced 
herein,  are  hereby  incorporated  and  made  a  part  hereof,  and  shall  be  applicable  to  all  work  listed 
below.  Deliverable  items  shall  be  provided  in  accordance  with  the  attached  Statement  of  Work. 

The  receiving  party  of  this  RFQ  agrees  to  disclose  such  proprietary  information  necessary  to 
sufficiently  describe  and  document  the  Known  Good  Die  Integrated  Circuit  methods  to  be  used  by 
the  Supplier  (references  3,  4).  This  information  is  to  be  clearly  marked  as  confidential  and 
proprietary  in  order  that  MCC,  KGD  may  adequately  protect  this  information.  MCC,  KGD  agrees 
to  protect  this  proprietary  information  according  to  prior  agreement  with  the  Supplier,  and  to  reveal 
such  proprietary  information  only  to  its  employees  with  a  need-to-know,  and  not  to  any  third 
party. 

♦♦Accepting  this  RFQ  Constitutes  Agreement** 

II.  Deliverable  Items/Descriptions 

The  Supplier  is  requested  to  submit  a  cost  for  each  item  of  his  preference  listed  below  in 
accordance  with  the  attached  Technology  Assessment  Guidelines  (reference  1).  However,  cost 
should  include  at  a  minimum  one  choice  of  items  1  through  4  and  must  include  item  5.  Each  item 
should  be  priced  separately  with  purchase  order  awards  being  on  an  item  by  item  basis  (for  items  1 
through  4,  with  item  5  awarded  with  each  of  items  I  through  4).  Some  KGD  technologies  require 
solder  bumped  die,  others  require  aluminum  bond  pads.  Please  quote  the  die  in  each  format,  and 
indicate  where  die  are  not  available  in  a  particular  format.  Supplier  should  estimate  the  number  of 
components  (including  yield  loss)  of  each  type  required  to  yield  the  as  specified  quantities  for  each 
item.  This  yield  loss  estimate  for  each  item  should  be  included  in  the  quotation. 

The  JEDEC  Standard  for  Known  Good  Die  will  be  used  to  evaluate  all  KGD  methodologies 
(references  3,  4).  The  dash  number  (-xx)  will  be  used  to  identify  specific  characteristics  of  an 
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individual  KGD  integrated  circuit  category.  To  date  the  dash  number  refers  to  the  following 
specific  KGD  die  types: 


Device  Type 

Test  Vehicle  Description 

-01 

DRAM  memory 

-02 

SRAM  memory 

-03 

ASIC,  DSP,  or  jiProcessor 

-04 

Mixed  signal  or  analog  integrated  circuit 

The  device  carrier  (for  carrier  based  methodologies)  shall  be  as  defined  per  the  carrier  vendor 
specification.  Devices  shall  be  connected  to  the  carrier  using  wire  bond,  tape  automated  bonding 
(TAB),  and/or  other  technologies.  Drawings  of  the  device  carriers  and  descriptions  of  their  use 
and  cost  are  to  be  provided  by  the  Supplier. 


Item 

Quantity 

Description 

Buyer-Supplier  Responsibilities 

1) 

100 

kGd  DRAM  IC  'h 

The  Supplier  should  bid  this  item  with  the 

500 

1000 

components  (-01) 

Buyer  supplying  the  (bumped  or  unbumped) 
die,  sort  tested  per  reference  2.  All  other 
required  components/parts  are  the  Supplier 
responsibility.  Any  additional  processing  steps 
(i.e.,  wafer  bumping)  required  are  to  be 
identified  by  the  Supplier  and  included  in  the 
cost  of  this  quotation.  This  item  should  not 
include  the  costs  associated  with  sort  testing; 
those  costs  should  be  quoted  separately  under 
item  (5).  This  item  should  include  the  costs 
associated  with  wafer  saw  and  pick  and  place 
into  a  wafflepack  die  carrier  for  delivery  to  the 
Buyer. 

2) 

100 

KGD  SRAM  IC  — ^ 

The  Supplier  should  bid  this  item  in  the  same 

500 

1000 

components  (-02) 

way  as  item  1)  above. 

3) 

100 

ASIC,  DSP,  or  Micro- 

The  Supplier  should  bid  this  item  in  the  same 

500 

1000 

processor  IC  components 
(-03) 

way  as  item  1)  above. 

4) 

r  m 

KGD  Mixed  Signal  or 

The  Supplier  should  bid  this  item  in  the  same 

500 

1000 

Analog  IC  components 
(-04) 

way  as  item  1)  above. 

5) 

100 

Wafer  sort  testing  (including 

The  cost  quote  should  indicate  the  cost  of  sort 

500 

gross  functional  and 

testing  the  ICs  on  wafers  in  each  of  the  four 

1000 

parametric  testing)  of  ICs  in 
items  1  through  4  above. 

categories  above,  in  each  of  the  requested 
pricing  quantities.  It  is  expected  that  the 

Supplier  will  coordinate  with  internal  facilities 
for  wafer  saw  and  pick  and  place  to  transfer  die 
failure  information. 
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III.  Delivery  Schedule 

Component  Date 

1)  Response  to  RFQ  8/16/93 

2)  Supply  price  quotation  9/1/93 

2)  Expected  purchase  order  (PO)  release  date  is  10/1/93 

3)  Known  Good  Die  Delivery  1 Q94 


The  following  Supplier  furnished  data  and  components  will  be  made  available  with  the  integrated 
circuits: 

1 )  Integrated  circuit  specifications,  including  power  dissipation  requirements. 

2)  Top  layer  (bond  pad)  layout  of  integrated  circuit  bond  pads  in  GDSII  or  Getber  format. 

3)  In  the  case  that  a  third  party  is  expected  to  perform  test  and  bum-in  of  the  integrated  circuits, 
the  IC  Supplier  is  expected  to  cooperate  with  MCC  and  the  third  party  test  and  bum-in 
Supplier,  using  non-disclosure  agreements,  to  provide  a  test  program  in  a  usable  format  to  the 
third  party  test  and  bum-in  Supplier. 

IV.  Submission  of  Quotations 

The  Quotation  must  be  signed  sy  an  official  authorized  to  contractually  bind  the  offerer. 

It  is  required  that  your  Quotation  be  valid  for  a  period  of  not  less  than  90  days  from  the  submission 
date  specified.  Quotations  may  be  modified  or  withdrawn  by  written  or  electronic  communication 
notice  received  at  any  time  prior  to  award.  Quotations  may  be  withdrawn  in  person  by  an  officer 
or  authorized  representative,  provided  his/her  identity  is  made  known  and  he/she  signs  a  receipt  for 
the  offer  prior  to  award. 

V .  Order  of  Precedence 

In  the  event  of  any  inconsistency  between  the  Request  for  Quotation  and  any  specification  or  other 
provisions  which  are  made  a  part  of  the  Request  for  Quotation  by  reference  or  otherwise,  the  order 
of  precedence  shall  be  as  follows: 

1.  Purchase  Order 

2 .  Typed  provisions  in  this  Request  for  Quotation  (RFQ). 

3 .  Subcontractor  Data  Requirements  List  (SDRL),  if  applicable. 

4.  Other  provisions  of  this  RFQ  when  attached  or  incorporated  by  reference. 


VI.  Notice  to  Offerers 

Offerers  are  cautioned  to  initially  submit  their  most  favorable  quotation,  price,  and  other  factors 
considered. 

This  RFQ  does  not  commit  MCC,  KGD  to  award  a  contract.  MCC,  KGD  reserves  the  right  to 
reject  any  or  all  Quotations  or  to  negotiate  separately  with  any  source  considered  qualified,  and  to 
waive  informalities  and  minor  irregularities  in  offers  received.  MCC,  KGD  shall  not  be  habit  to 
offerer  for  any  costs  incurred  by  offerer  as  a  result  of  the  submission  of  its  Quotation  in  reply 
hereto. 


VII.  Late  Quotations 

MCC,  KGD  reserves  the  right  to  consider  Quotations  or  modifications  thereof  received  after  the  * 
date  indicated  for  such  purpose,  but  before  award  is  made,  should  such  action  be  in  the  best 
interest  of  MCC,  KGD.  However,  on  time  submittals  will  be  given  precedence. 
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Section  II  -  Instructions  for  Quotation  Preparation  and  Submission 

I .  Objectives 

This  section  describes  the  requirements  for  preparing  and  submitting  the  requested  Quotation.  The 
instructions  provided  herein  must  be  carefully  followed  inasmuch  as  substantial  deviations, 
qualifications,  or  omissions  of  essential  data  could  result  in  your  Quotation  being  considered  non- 
responsive  and,  therefore,  ineligible  for  subsequent  contract  award  consideration. 

II.  Number  of  Copies 

Submit  the  specified  quantities  of  each  Quotation  as  defined  below  to  the  address  listed  below. 

1 .  3  copies  of  the  Management  Quotation  (Optional). 

2 .  3  copies  of  the  Technical  Quotation  (Required). 

3 .  3  copies  of  the  Cost  Quotation  (Required.) 

Submit  quotations  to: 

Brenda  Ulbricht 
12100  Technology  Blvd. 

Austin,  TX  78746 

-or- 

FAX  your  Quotation  to  Larry  Gilg  at  (512)  250-2893. 

III.  Management  Quotation  (Optional  for  this  requirement) 

The  Management  Quotation  shall  include  the  following  information  as  a  minimum: 

1 .  Summary  of  your  company  capabilities  and  history,  which  should  include  a  history  of  the 
business,  business  record  and  current  business  base. 

2 .  Summary  of  your  company  manpower  and  identification  of  key  personnel.  A  Program 
Manager  may  be  required  for  the  work  specified  herein. 

3.  A  chart  of  the  organization  to  be  used  in  the  performance  of  the  effort.  Identify  key 
technical  and  management  personnel  assigned  and  indicate  their  function,  responsibilities, 
and  percent  of  time  committed  to  this  effort.  Provide  resumes  for  key  personnel. 

IV.  Cost  and  Pricing  Data  (Subsequent  Cost  Quotation) 

A.  The  Supplier  shall  segregate  the  cost  as  follows  if  applicable  and  in  accordance  with  each 
deliverable  item  per  section  I,  paragraph  II : 


Cost  Line  Item 

Recurring  Cost 

Non-Recurring  Cost 

Integrated  Circuit  Fabrication 

Required 

N/A 

Integrated  Circuit  Sort  test 

Required 

N/A 

Other  costs 

Required 

HHES9SHHI 

V.  Technical  Quotation  (Required) 

The  Technical  Quotation  shall  provide  a  thorough  understanding  of  the  offeror's  integrated  circuit 
components  which  are  to  be  evaluated  in  accordance  with  the  requirements  of  the  JEDEC  Standard 
for  Known  Good  Die  (references  3, 4).  This  should  include  the  Supplier  capability  to  meet  all  of 
the  requirements  of  this  standard  and  specific  indications  of  failures  to  meet  these  requirements. 
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Your  Technical  Quotation  shall  be  organized  according  to  the  following  format  and  shall  include 

the  following  topics  as  a  minimum: 

1.  Introduction 

2.  Requirements 

3.  Approach  to  satisfy  technical  requirements  (include  the  identity  of  the  person  who  has 
responsibility  for  the  technical  requirements  being  satisfied. 

A.  Integrated  circuit  definition  including  detailed  data  sheet  with  parametric  and  functional 
performance  specifications. 

B .  Mechanical  parameters  (bonding  and  die  attach  requirements). 

C.  Risk  or  areas  of  concern. 

D.  Technical  documentation  as  defined  in  JEDEC  Standard  for  Known  Good  Die  (references 
3,  4). 

E.  Estimate  the  total  quantity  of  each  integrated  circuit  component  type  required  to  yield  the 
specified  KGD  quantities  per  section  I,  paragraph  II  deliverables. 

4 .  Testing  Plan  -  Per  Statement  of  Work 

A.  Wafer  sort  testing,  to  be  performed  by  the  integrated  circuit  Supplier  to  screen  out  grossly 
defective  die.  This  testing  is  to  include  both  parametric  and  gross  functional  testing,  per  the 
vendor  normal  sort  test  specifications.  Please  include  these  specifications  and  any 
guardbands  applied  during  sort  testing  with  your  quotation. 

B .  Quality  Conformance  Inspection  (indicate  full  inspection  or  sampling  plan  and  inspection 
criteria).  Inspections  are  to  be  performed  on  outgoing  integrated  circuit  die. 

5 .  Reinsertion  Plan  -  Per  Statement  of  Work 

Following  the  burn-in  and  testing  of  these  dice  in  carriers  for  assurance  as  known  good  die, 
they  are  to  be  disassembled  and  returned  to  the  IC  manufacturer  for  reinsertion  into  the  high 
reliability  packaging  which  these  parts  are  normally  offered  in.  If  possible,  they  are  then  to  be 
included  into  products  (preferably  module  or  hybrid  products,  for  which  this  project  targets  die 
qualification)  and  the  lifetime  reliability  of  these  parts  monitored  throughout  the  manufacturer 
normal  warranty  period  for  any  excessive  failures.  Please  present  a  detailed  plan  for 
accomplishing  this  task. 


Section  III  •  Conclusion 

I .  Quotation  Evaluation 

Quotations  submitted  may  be  evaluated  in  strict  accordance  with  the  criteria  listed  below  in  order  of 
importance: 


Criteria 

Technical 

Schedule 

Cost 

Management 


Impo.rla.nce 

40% 

30% 

20% 

10% 


* 


II.  Technical  Contact 

Any  questions  of  a  technical  nature  may  be  directed  to  Mr.  Chad  Noddings,  at  (512)  250-2863.  > 


III.  Special  Note 
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Offerer  shall  confirm  receipt  of  this  RFQ  and  advise  MCC,  KGD,  in  writing,  no  later  than  close 
of  business  August  16,  1993  of  his  intent  to  submit  a  Quotation  in  accordance  with  these 
instructions. 

It  is  requested  that  the  Offerer  formally  respond  to  this  Request  for  Quotation  on  or  before  the 
close  of  business  on  September  1,  1993.  Please  forward  your  final  Quotation  to  Brenda 
Ulbricht  at  the  aforementioned  address,  as  well  as  any  formal  questions  you  may  have  in  the 
proposing  process.  Thank  you  for  your  time  and  attention  in  this  matter. 

4 


* 


\ 
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MCC  TECHNICAL  REPORT 
HVE-095-93 


RFQ:  Assembly,  Test,  Burn-in, 
Disassembly,  and  Quality  Conformance 
Inspection  of  Known  Good  Die 


©  1993  Microelectronics  and  Computer  Technology  Corporation.  All  Rights  Reserved. 
Members  of  MCC  may  reproduce  and  distribute  this  material  for  internal  purposes  by  retaining 
MCC  copyright  notice  and  proprietary  legends  and  markings  on  all  complete  and  partial  copies. 
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Request  for  Quotation  -  Assembly,  Test,  Bunwn,  Disassembly, 
and  Quality  Conformance  Inspection  of  Known  Good  Die 


Reference: 

1)  Technology  Assessment  Guideline  for  Methods,  Materials  and  Equipment  Necessary  to  » 
Prepare  and  Ship  Semiconductor  Devices  as  Fully  Warranted  Bare  Die  Product,  Revision 

2.5/ 

2)  Statement  of  Work  for  Procurement  of  Known  Good  Die,  HVE-092-93. 

3)  Standard  for  Known  Good  Die,  JEDEC  modified  Version  2.0, 18  May  1993,  as  submitted 
for  ballot. 

4)  Standard  for  Flip  Chip  Known  Good  Die  (FCKGD),  working  Version  1.0,  22  July  1993, 
based  upon  JEDEC  Wire  Bonded  KGD  ballot  version. 

Microelectronics  and  Computer  Technology  Corporation,  Known  Good  Die  (hereinafter  referred  to 
as  "MCC,  KGD")  is  hereby  requesting  a  firm,  fixed-priced  Quotation  for  the  below  mentioned 
products  and  services  as  specified  in  the  work  section  of  this  RFQ.  Please  pay  close  attention  to 
the  Quotation  parameters,  direct  omissions  may  cause  your  inputs  to  be  non-acceptable. 


Section  I  -  Material  Quotation 

I .  The  Work 

The  Supplier  shall  furnish  materials,  supplies,  services,  special  manufacturing  aids,  and  facilities 
not  furnished  by  the  Buyer.  The  Supplier  shall  perform  the  work  necessary  to  fabricate,  assemble, 
inspect,  and  deliver  the  items  specified  below  in  accordance  with  the  schedules,  instructions, 
specifications  and  referenced  documents. 

Any  drawings  referenced  in  this  document  and  any  other  specifications  and  documents  referenced 
herein,  are  hereby  incorporated  and  made  a  part  hereof,  and  shall  be  applicable  to  all  work  listed 
below.  Deliverable  items  shall  be  provided  in  accordance  with  the  attached  Statement  of  Work. 

The  receiving  party  of  this  RFQ  agrees  to  disclose  such  proprietary  information  necessary  to 
sufficiently  describe  and  document  the  Known  Good  Die  Assurance  Technology  Devices 
(hereinafter  referred  to  as  "KGD  ATD")  and  methods  to  be  used  by  the  Supplier.  This  information 
is  to  be  clearly  marked  as  confidential  and  proprietary  in  order  that  MCC,  KGD  may  adequately 
protect  this  information.  MCC,  KGD  agrees  to  protect  this  proprietary  information  according  to 
prior  agreement  with  the  Supplier,  and  to  reveal  such  proprietary  information  only  to  its  employees 
with  a  need-to-know,  and  not  to  any  third  party. 

**  Accepting  this  RFQ  Constitutes  Agreement** 

II.  Deliverable  Items/Descriptions 

The  Supplier  is  requested  to  submit  a  cost  for  each  item  of  his  preference  listed  below  in 
accordance  with  the  attached  Technology  Assessment  Guidelines  (reference  1).  However,  cost 
should  include  at  a  minimum  one  choice  of  items  1  through  4  and  must  include  items  5, 6,  and  7. 
Each  item  should  be  priced  separately  with  purchase  order  awards  being  on  an  item  by  item  basis. 
Supplier  should  estimate  the  number  of  components  (including  yield  loss)  of  each  type  required  to 
yield  the  as  specified  quantities  for  each  item.  This  yield  loss  estimate  for  each  item  should  be 
included  in  the  Quotation. 

The  same  Technology  Assessment  Guidelines  will  be  used  to  evaluate  all  KGD  methodologies. 
The  dash  number  (-xx)  will  be  used  to  identify  specific  characteristics  of  an  individual  KGD 
integrated  circuit  category.  To  date  the  dash  number  refers  to  the  following  specific  KGD  die 
types: 
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Device  Type 

Test  Vehicle  Description 

-01 

DRAM  memory 

-02 

SRAM  memory 

-03 

ASIC,  DSP,  or  pProcessor 

-04 

Mixed  signal  or  analog  integrated  circuit 

t  The  device  carrier  (for  carrier  based  methodologies)  shall  be  as  defined  per  the  vendor  specifi¬ 
cation.  Devices  shall  be  connected  to  the  carrier  using  wire  bond,  tape  automated  bonding  (TAB), 
and/or  other  technologies.  Drawings  of  the  device  carriers  and  descriptions  of  their  use  and  cost 
are  to  be  provided  by  the  Supplier. 


Item 

Quantity 

Description 

Buyer-Supplier  Responsibilities 

1) 

lOo 

500 

1000 

KGD  DRAM  IC  compo¬ 
nents  (-01),  completely 
screened  and  tested  to  the 
quality  assurance  provisions 
of  vendor  specifications. 

The  Supplier  should  bid  this  item  with  the 

Buyer  supplying  the  (bumped  or  unbumped) 
die,  sort  tested  per  reference  2,  and  the  required 
KGD  ATD  for  those  parts.  All  other  required 
components/parts  are  the  Supplier  responsi¬ 
bility.  Any  additional  components  required  are 
to  be  identified  by  the  Supplier  and  included  in 
the  cost  of  this  quotation.  This  item  includes 
assembly  of  ICs  into  the  KGD  ATDs  for  test 
and  bum-in,  and  disassembly  afterward.  It 
does  not  include  costs  associated  with  test  and 
bum-in,  which  will  be  considered  separately  in 
items  5)  and  6). 

2) 

L  100 

500 

1000 

KGD  SRAM  IC  compo¬ 
nents  (-02),  completely 
screened  and  tested  to  the 
quality  assurance  provisions 
of  vendor  specifications. 

The  Supplier  should  bid  this  item  in  the  same 
way  as  item  1)  above. 

3) 

- 100“ 

500 

1000 

KGD  ASIC,  t)SP,  or  ~ 
Microprocessor  IC  compo¬ 
nents  (-03),  completely 
screened  and  tested  to  the 
quality  assurance  provisions 
of  vendor  specifications. 

The  Supplier  should  bid  this  item  in  the  same 
way  as  item  1)  above. 

4) 

100 

500 

1000 

KGD  Mixed  Signal  or 
Analog  IC  components 
(-04),  completely  screened 
and  tested  to  the  quality 
assurance  provisions  of 
vendor  specifications. 

The  Supplier  should  bid  this  item  in  the  same 
way  as  item  1)  above. 

1 

100 

500 

1000 

Electrical  functional  and 
parametric  testing  of  ICs  in 
KGD  ATDs  in  items  1 
through  4  above. 

The  cost  quote  should  indicate  the  cost  of 
electrically  testing  the  ICs  mounted  in  KGD 
ATDs  in  each  of  the  four  categories  above,  in 
each  of  the  requested  pricing  quantities.  The 
Buyer  will  cooperate  with  the  Supplier  and  IC 
Supplier  to  provide  the  required  test  program(s) 
in  a  suitable  format. 

197 


Item 

mm 

Description 

Buyer-Supplier  Responsibilities 

1 

MM 

BBgB 

The  cost  quote  should  indicate  the  cost  of 
performing  an  electrically  active  and  monitored 
bum-in  test  of  each  of  the  assembled  KGD 

ATDs  in  each  of  the  four  categories  above,  in 
each  of  the  requested  pricing  quantities. 

1 

K50 

500 

1000 

Outgoing  Quality 
Conformance  Inspection  of 
integrated  circuits  in  items  1 
through  4  above. 

The  cost  quote  should  indicate  the  cost  of 
inspecting  the  die  in  each  of  the  four  categories 
above,  in  each  of  the  requested  pricing 
quantities.  If  a  sampling  plan  is  to  be  used,  the 
specifics  of  that  plan  should  be  outlined  in  the 
cost  quotation,  along  with  inspection  criteria 

III.  Delivery  Schedule 

Component  Da& 

1)  Response  to  RFQ  8/16/93 

2)  Supply  quote  9/1/93 

3)  Expected  purchase  order  (PO)  release  date  is  10/1/93 

4)  Test  and  bum-in  delivery  begins  2Q94 


The  following  Buyer  furnished  data  and  components  will  be  made  available  witn  the  purchase 
order: 

1)  Integrated  circuit  specifications,  including  power  dissipation  requirements. 

2)  Top  layer  layout  of  integrated  circuit  bond  pads  in  GDSII  or  Gerber  format. 

3)  Known  Good  Die  Assurance  Technology  Devices  (KGD  ATD)  ready  for  assembly. 

4)  Top  level  layout  of  KGD  ATD  in  GDSII  or  Gerber  format 

IV.  Submission  of  Quotations 

The  Quotation  must  be  signed  by  an  official  authorized  to  contractually  bind  the  offerer. 

It  is  required  that  your  Quotation  be  valid  for  a  period  of  not  less  than  90  days  from  the  submission 
date  specified.  Quotations  may  be  modified  or  withdrawn  by  written  or  electronic  communication 
notice  received  at  any  time  prior  to  award.  Quotations  may  be  withdrawn  in  person  by  an  officer 
or  authorized  representative,  provided  his/her  identity  is  made  known  and  he/she  signs  a  receipt  for 
the  offer  prior  to  award. 

V.  Order  of  Precedence 

In  the  event  of  any  inconsistency  between  the  Request  for  Quotation  and  any  specification  or  other 
provisions  which  are  made  a  part  of  the  Request  for  Quotation  by  reference  or  otherwise,  the  order 
of  precedence  shall  be  as  follows: 

1.  Purchase  Order 

2 .  Typed  provisions  in  this  Request  for  Quotation  (RFQ). 

3 .  Subcontractor  Data  Requirements  List  (SDRL),  if  applicable. 

4.  Other  provisions  of  this  RFQ  when  attached  or  incorporated  by  reference. 


VI.  Notice  to  Offerers 

Offerers  are  cautioned  to  initially  submit  their  most  favorable  quotation,  price,  and  other  factors 
considered. 
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This  RFQ  does  not  commit  MCC,  KGD  to  award  a  contract.  MCC,  KGD  reserves  the  right  to 
reject  any  or  all  Quotations  or  to  negotiate  separately  with  any  source  considered  qualified,  and  to 
waive  informalities  and  minor  irregularities  in  offers  received.  MCC,  KGD  shall  not  be  liable  to 
offerer  for  any  costs  incurred  by  offerer  as  a  result  of  the  submission  of  its  Quotation  in  reply 
hereto. 


VII.  Late  Quotations 

MCC,  KGD  reserves  die  right  to  consider  Quotations  or  modifications  thereof  received  after  the 
date  indicated  for  such  purpose,  but  before  award  is  made,  should  such  action  be  in  the  best 
interest  of  MCC,  KGD.  However,  on  time  submittals  will  be  given  precedence. 


Section  II  -  Instructions  for  Quotation  Preparation  and  Submission 

I .  Objectives 

This  section  describes  the  requirements  for  preparing  and  submitting  the  requested  Quotation.  The 
instructions  provided  herein  must  be  carefully  followed  inasmuch  as  substantial  deviations, 
qualifications,  or  omissions  of  essential  data  could  result  in  your  Quotation  being  considered  non- 
responsive  and,  therefore,  ineligible  for  subsequent  contract  award  consideration. 


II.  Number  of  Copies 

Submit  the  specified  quantities  of  each  Quotation  as  defined  below  to  the  address  listed  below. 

1 .  3  copies  of  the  Management  Quotation  (Optional). 

2 .  3  copies  of  the  Technical  Quotation  (Required). 

3 .  3  copies  of  the  Cost  Quotation  (Required.) 

Submit  quotations  to: 

Brenda  Ulbricht 
12100  Technology  Blvd. 

Austin,  TX  78746 


-or- 

FAX  your  Quotation  to  Larry  Gilg  at  (5 12)  250-2893. 

III.  Management  Quotation  (Optional  for  this  requirement) 

The  Management  Quotation  shall  include  the  following  information  as  a  minimum: 

1 .  Summary  of  your  company  capabilities  and  history,  which  should  include  a  history  of  the 
business,  business  record  and  current  business  base. 

2.  Summary  of  your  company  manpower  and  identification  of  key  personnel.  A  Program 
Manager  may  be  required  for  the  work  specified  herein. 

3 .  A  chart  of  the  organization  to  be  used  in  the  performance  of  the  effort.  Identify  key  technical 
and  management  personnel  assigned  and  indicate  their  function,  responsibilities,  and  percent  of 
time  committed  to  this  effort.  Provide  resumes  for  key  personnel. 

IV.  Cost  and  Pricing  Data  (Subsequent  Cost  Quotation) 

A.  The  Supplier  shall  segregate  the  cost  as  follows  if  applicable  and  in  accordance  with  each 
deliverable  item  per  section  I  paragraph  n : 
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Cost  Line  Item 

Recurring  Cost 

Nonrecurring  Cost 

KGD  ATD  Incoming  QCI 

Required 

Required 

Integrated  Circuit  Incoming  QCI 

Required 

■KSHH1 

IC  Die  Attach  and  Bonding 

Required 

Required 

Other  KGD  ATD  Assembly  Steps 

Required 

Required 

KGD  ATD  Disassembly 

Required 

Required 

Integrated  Circuit  Outgoing  QCI 

Required 

Required 

Other  Required  Process  Steps 

Required 

V.  Technical  Quotation  (Required) 

The  Technical  Quotation  shall  provide  a  thorough  understanding  of  the  offeror's  approach  to 
satisfying  the  requirements  of  the  Technology  Assessment  Guidelines  (TAG)  (reference  1).  This 
should  include  the  Supplier  capability  to  meet  all  of  the  requirements  of  the  TAG  and  specific 
indications  of  failures  to  meet  the  TAG  requirements.  All  information  requested  in  the  TAG  should 
be  fully  described  here. 

Your  Technical  Quotation  shall  be  organized  according  to  the  following  format  and  shall  include 
the  following  topics  as  a  minimum: 

1.  Introduction 

2.  Requirements 

3.  Approach  to  satisfy  technical  requirements  (include  the  identity  of  the  person  who  has 
responsibility  for  the  technical  requirements  being  satisfied. 

A.  Rationale  for  KGD  approach,  detailing  advantages  and  disadvantages. 

B.  Risk  or  areas  of  concern. 

C .  Mechanical  parameters  (bonding  and  die  attach  requirements). 

D.  Design  reviews  of  KGD  test  and  burn-in  methods  in  conjunction  with  MCC,  KGD 
personnel. 

E.  Technical  documentation  as  defined  in  Technology  Assessment  Guidelines  (reference  1), 
fill  in  as  much  informati  m  from  the  TAG  as  is  relevant  to  test  and  bum-in. 

F.  Any  Supplier  using  subcontract  work  for  this  effort  must  identify  in  their  Quotation  the 
tasks  to  be  subcontracted  and  the  subcontractor. 

G.  Buyer  requires  that  the  Supplier  provide  a  cost  and  schedule  risk  assessment  of  the 
processes  and  technologies  proposed  by  the  Supplier  to  meet  the  requirements  of  the 
Technology  Assessment  Guidelines.  Alternatives  to  high  risk  items  should  be  identified. 

4.  Testing  Plan -Per  Statement  of  Work 

Quality  Conformance  Inspection  (indicate  full  inspection  or  sampling  plan  and  inspection 
criteria).  Inspections  are  to  be  performed  on  incoming  die  and  KGD  ATD  components, 
and  on  outgoing  integrated  circuit  die. 

5.  Table  of  Compliance 

Explain  the  methods  and  technical  approach  by  which  you  propose  to  satisfy  the  technical 
requirements  exhibited  by  the  Technology  Assessment  Guidelines  (reference  1).  Describe 
specifically,  how  you  plan  to  accomplish  the  objectives  and  tasks.  Provide  sketches, 
drawings,  flow  diagrams,  and  charts  as  appropriate.  Discuss  alternative  solutions  explored. 
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analyzed,  and  rejected,  and  the  reasons  for  the  rejections.  Include  a  statement  of  any 
assumptions  made  by  you  as  to  the  definition  of  the  requirements. 


A 
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Section  III  -  Conclusion 

I .  Quotation  Evaluation 

Quotations  submitted  may  be  evaluated  in  strict  accordance  with  the  criteria  listed  below  in  order  of 
importance: 


Criteria 

Technical 

Schedule 

Cost 

Management 


Importance 

40% 

30% 

20% 

10% 


II.  Technical  Contact 

Any  questions  of  a  technical  nature  may  be  directed  to  Mr.  Chad  Noddings,  at  (512)  250-2863. 

III.  Special  Note 

Offerer  shall  confirm  receipt  of  this  RFQ  and  advise  MCC,  KGD,  in  writing,  no  later  than  close 
of  business  August  16,  1993  of  their  intent  to  submit  a  Quotation  in  accordance  with  these 
instructions. 

It  is  requested  that  the  Offerer  formally  respond  to  this  Request  for  Quotation  on  or  before  the 
close  of  business  on  September  1,  1993.  Please  forward  your  final  Quotation  to  Brenda 
Ulbricht  at  the  aforementioned  address,  as  well  as  any  formal  questions  you  may  have  in  the 
proposing  process.  Thank  you  for  your  time  and  attention  in  this  matter. 


i 
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Statement  of  Work  -  Procurement  of  Known  Good  Die 


Reference 

1)  Technology  Assessment  Guideline  for  Methods,  Materials,  and  Equipment  Necessary  to 
Prepare  and  Ship  Semiconductor  Devices  as  Fully  Warranted  Bare  Die  Product,  Revision 
2.5. 

2)  Request  For  Quotation  for  Known  Good  Die  Assurance  Technology  Devices:  HVE-093- 
93. 

3)  Request  For  Quotation  for  Assembly,  Test,  Bum-in,  Disassembly,  and  Quality 
Conformance  Inspection  of  Known  Good  Die:  HVE-095-93. 

4)  Request  For  Quotation  for  Integrated  Circuits  for  Use  in  Known  Good  Die  Process 
Evaluation:  HVE-094-93. 

5)  Standard  for  Known  Good  Die,  JEDEC  modified  Version  2.0, 18  May  1993,  as  submitted 
for  ballot. 

6)  Standard  for  Flip  Chip  Known  Good  Die  (FCKGD),  working  Version  1.0,  22  July  1993, 
based  upon  JEDEC  Wire  Bonded  Y GD  ballot  version. 


1.0  Scope 

This  Statement  of  Work  describes  the  tasks  associated  with  designing  and  fabricating  Known 
Good  JQie  Assurance  Technology  Devices  (KGD  ATD);  screening  up  to  four  KGD  ATD  designs; 
and  assembling,  testing,  disassembling,  and  performing  quality  conformance  inspections  on  up  to 
four  categories  of  integrated  circuits  for  MCC  KGD  Project  per  the  KGD  Technology  Assessment 
Guidelines. 

The  vendors  and  processes  to  be  used  shall  be  selected  from  the  responses  to  three  separate 
Request  For  Quotation  (RFQ)  documents.  These  RFQ  documents  cover  the  following  topics:  1) 
Known  Good  Die  Assurance  Technology  Devices;  2)  Assembly,  Test,  Bum-in,  Disassembly,  and 
Quality  Conformance  Inspection  of  Known  Good  Die;  and  3)  Integrated  Circuits  for  Use  in 
Known  Good  Die  Process  Evaluation.  These  categories  may  not  fit  the  specific  technologies  or 
processes  which  may  be  applied  by  various  vendors  to  solve  the  KGD  supply  issue;  please 
respond  to  the  RFQ  which  best  fits  your  technology,  or  to  all  three.  Suppliers  of  all  phases  of  the 
KGD  processing  who  wish  to  respond  are  expected  to  respond  to  all  three  as  a  single  RFQ. 
Teaming  between  companies  is  encouraged  in  order  to  take  advantage  of  optimized  technologies, 
and  to  strengthen  the  capability  for  providing  KGD  to  the  marketplace. 


2.0  Known  Good  Die  Descriptions 

2.1  Specification  Designator 

The  same  Technology  Assessment  Guidelines  will  be  used  to  evaluate  all  KGD  methodologies. 
The  dash  number  (xx)  will  be  used  to  identify  specific  characteristics  of  an  individual  KGD 
integrated  circuit  category.  The  dash  number  refers  to  the  following  specific  KGD  die  types: 


Device  Type 

Test  Vehicle  Description 

-01 

DRAM  memory 

-02 

SRAM  memory 

-03 

ASIC,  DSP,  or  ^.Processor 

-04 
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The  device  earner  (for  carrier  based  methodologies)  shall  be  as  defined  per  the  vendor  specifi¬ 
cation.  Devices  shall  be  connected  to  the  carrier  using  wire  bond,  tape  automated  bonding  (TAB), 
and/or  other  technologies.  Drawings  of  the  device  carriers  and  descriptions  of  their  use  and  cost 
are  to  be  provided  by  die  supplier. 


t 


* 
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3.0  Overview  of  Supplier/Buyer  Tasks 

It  is  anticipated  that  KGD  ATD  fabrication  and  screening,  assembly,  bum-in,  high-speed 
functional  test,  disassembly,  and  quality  conformance  inspection  (QCI)  will  be  performed  by  the 
suppliers)-  The  buyer,  in  the  instance  where  the  supplier  is  not  also  the  die  provider,  will  be 
responsible  for  die  procurement  and  the  test  vectors  for  each  die  type,  which  will  be  provided  to 
the  supplier.  The  expected  overall  flow  for  providing  Known  Good  Die  is  shown  in  Figure  1. 
Each  of  the  tasks  identified  in  Figure  1  may  be  performed  by  independent  suppliers,  or  the  entire 
flow  may  be  performed  by  a  single  supplier. 


Figure  1.  Expected  overall  process  flow  for  providing  known  good  die. 


3.1  Supplier  Tasks 

3.1.1  Integrated  Circuit  Supplier 

3 . 1 . 1 . 1  Provide  sort-tested  integrated  circuit  die  that  have  been  sawn  and 
placed  into  waffle  pack  die  carriers  for  delivery  to  KGD  supplier. 

3. 1 . 1 .2  Perform  actions  specified  by  reinsertion  plan,  to  be  agreed  upon  by 
supplier  and  MCC  prior  to  assignment  of  purchase  orders  for  die. 

3.1.2  KGD  ATD  Supplier 

3. 1.2.1  Design/layout  KGD  ATDs  as  appropriate  to  TAB,  wire  bond, 
and/or  all  other  types  of  bare  die  assembly. 

3. 1.2.2  Perform  thermal  analysis  of  the  KGD  ATDs. 

3. 1 .2.3  Fabricate  KGD  ATDs  with  appropriate  technologies  as  called  out  in 
supplier  specifications. 

3. 1 .2.4  Electrically  test  KGD  ATDs  for  opens  and  shorts. 

3. 1.2.5  Perform  Quality  Conformance  Inspections  of  KGD  ATDs 
(optional). 
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3.1.3  Assembly  and  Disassembly  Supplier 

3. 1.3.1  Perform  assembly  of  die  and  KGD  ATDs. 

3. 1.3. 2  Following  test  and  burn-in,  disassemble  the  KGD  ATDs  and  the 
dice,  packaging  the  dice  for  delivery,  and  returning  the  KGD  ATDs 
for  re-use. 


3.1.4  Burn>in  Supplier 

3 . 1 .4. 1  Perform  bum-in  of  assembled  KGD  ATDs. 

3.1 .4.2  Failing  components  are  to  be  separated  from  passing  components, 
and  each  is  to  be  identified  with  a  serial  number  that  matches  an 
accompanying  exception  report  which  details  the  failure  mode  and 
time  of  failure. 


3.1.5  Functional  Test  Supplier 

3. 1 .5. 1  Perform  at-speed  functional  test  and  parametric  test  of  KGD  ATDs. 

3. 1 .5.2  Failing  components  are  to  be  separated  from  passing  components, 
and  each  is  to  be  identified  with  a  serial  number  that  matches  an 
accompanying  exception  report  which  details  the  failure  mode  and 
time  of  failure. 

3.1.6  Quality  Conformance  Inspection  Supplier 

Perform  Quality  Conformance  inspection  on  the  bare  dice,  after  all  above 
processing  is  complete. 

3.2  Supplier  Deliverable  Items 

3.2.1  Supplier  will  provide  bonding  level  design  information  of  KGD  ATD  for 
buyer  in  GDS II  or  GERBER  format. 

3.2.2  Supplier  will  provide  documentation  of  the  thermal  analysis  assumptions  and 
resulting  junction  temperature  predictions  for  each  component. 

3.2.3  Supplier  will  provide  documentation  on  all  supplier  performed  electrical  tests. 

3 .2.4  Supplier  will  provide  documentation  on  all  Quality  Conformance  Inspections. 

3.2.5  Supplier  will  provide  the  processed  known  good  die,  and  the  bad  die, 
packaged  separately  and  clearly  marked. 

3.3  Buyer  Tasks 

3.3.1  Supply  integrated  circuit  components  and  bond  pad  layout  data  in  accordance 
with  the  purchase  order  specification,  if  supplier  is  not  the  source  of  these 
components. 

3.3.2  Supply  test  vectors  for  the  dice  to  be  tested,  in  a  format  to  be  specified  in  the 
purchase  order  specification,  if  the  supplier  is  not  the  source  of  these 

*  components. 

3.3.3  Supply  integrated  circuit  data  sheets  for  the  dice  to  be  tested,  if  the  supplier  is 
not  the  source  of  these  components. 
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3.3.4  Perform  on  site  handling  damage  control  inspections.  The  supplier  handling 
methods,  ESD  protection,  and  cleanliness  will  be  inspected  and  reported  on. 


4.0  Detailed  Supplier  Tasks 

4.1  Integrated  Circuit  Die  Supplier 

4.1.1  Provide  sort  tested  integrated  circuit  die  that  have  been  sawn  and  placed  into 
waffle  pack  die  carriers  for  delivery  to  KGD  supplier.  Wafer  sort  testing  is  to 
be  performed  by  the  integrated  circuit  supplier  to  screen  out  grossly  defective 
die.  This  testing  is  to  include  both  parametric  and  gross  functional  testing, 
per  the  vendor  normal  sort  test  specifications.  The  complete  specification  for 
functional  and  parametric  testing  of  the  packaged  parts,  along  with  the  bum-in 
specifications  are  required  items.  Please  include  these  specifications  and  any 
guardbands  applied  during  sort  testing  with  your  quotation. 

4. 1 .2  Perform  actions  specified  by  reinsertion  plan,  to  be  agreed  upon  by  supplier 
and  MCC  prior  to  assignment  of  purchase  orders  for  die.  Following  the 
bum-in  and  testing  of  these  dice  in  carriers  for  assurance  as  known  good  die, 
they  are  to  be  disassembled  and  returned  to  the  IC  manufacturer  for 
reinsertion  into  the  high  reliability  packaging  in  which  these  parts  are  normally 
offered.  If  possible,  they  are  then  to  be  included  into  products  and  the 
lifetime  reliability  of  these  parts  monitored  throughout  the  manufacturer 
normal  warranty  period  for  any  excessive  failures.  Each  integrated  circuit 
supplier  should  be  prepared  to  complete  a  detailed  plan  for  accomplishing  this 
task. 


4.2  Assurance  Technology  Device  Supplier 

4.2.1  Design/layout  KGD  ATDs  as  appropriate  to  TAB,  wire  bond,  and/or  all  other 
types  of  bare  die  assembly.  The  supplier  is  responsible  for  the  complete 
design  and  implementation  of  specific  Known  Good  Die  Assurance 
Technology  devices,  whether  those  devices  are  in  carrier  or  other  form.  The 
KGD  AID  technology  employed  is  proprietary  to  each  supplier,  and  each 
supplier  is  responsible  for  adapting  their  specific  KGD  ATDs  to  the  four 
categories  of  integrated  circuit  devices. 

4.2.2  Perform  Thermal  Analysis.  The  supplier  is  responsible  for  performing  a 
thermal  analysis  to  verify  that  an  adequate  thermal  path  in  the  KGD  ATD  has 
been  provided  for  each  chip.  Documentation  of  this  analysis  will  be  specified 
as  part  of  the  deliverables  in  die  Request  For  Quotation. 

4.2.3  Fabricate  KGD  ATDs  with  appropriate  technologies  as  specified  in  the 
response  to  quotation,  purchase  order,  and  supplier  specifications.  The 
supplier  will  fabricate  a  quantity  of  KGD  ATDs  sufficient  to  complete  the  test 
and  bum-in  of  the  specified  number  of  dice  in  accordance  with  die  purchase 
order  specification.  The  technology  used  for  fabrication  is  at  the  discretion  of 
the  supplier. 

4.2.4  Electrically  test  KGD  ATDs  for  opens  and  shorts.  Each  of  the  KGD  ATDs  is 
to  be  electrically  tested  for  opens  and  shorts  to  the  vendor  specification  for 
contact  resistance  prior  to  its  use  for  assembly  with  a  bare  die.  Any  defective 
KGD  ATDs  are  not  to  be  used  for  performance  of  KGD  processing,  and  is  to 
be  considered  as  yield  loss.  Complete  documentation  of  the  testing,  with 
exception  reports  identifying  all  failures,  is  to  be  delivered  to  the  buyer. 
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4.2.5  Perform  Quality  Conformance  Inspections  of  KGD  ATDs  (optional).  QCI  is 
to  be  performed  on  the  KGD  ATDs  prior  to  their  use  in  KGD  processing,  if 
this  is  a  reasonable  and  prudent  step  for  the  KGD  ATD  methodology 
involved.  If  performed,  complete  documentation  of  the  QCI  is  to  be 
delivered,  along  with  written  documentation  of  the  inspection  criteria  and  the 
sampling  plan  used. 


.  4.3  Assembly/Disassembly  Supplier 

4.3.1  Perform  assembly  of  die  and  KGD  ATDs.  The  supplier  is  responsible  for 
assembly  of  bare  die  into  the  KGD  ATD  and  all  related  processing  (i.e.,  wire 
bonding). 

4.3.2  Disassemble  the  KGD  ATDs  and  the  dice,  packaging  the  dice  for  delivery. 
The  supplier  shall  remove  the  dice  from  the  KGD  ATDs,  performing  any 
required  processing  steps,  and  place  these  die  in  an  appropriate  shipping 
container  (i.e.,  wafflepack)  for  shipment  to  the  buyer.  Shipment  to  the  buyer 
shall  be  the  supplier's  responsibility. 

4.3.3  Perform  Quality  Conformance  inspection  on  the  bare  dice.  A  final  Quality 
Conformance  Inspection  on  all  of  the  bare  dice  is  required  prior  to  shipment  to 
the  buyer.  Any  damage  to  the  dice,  or  any  material  or  residue  that  is  found  on 
die  die  is  to  be  identified;  failures  are  to  be  separated  from  the  known  good  (fie 
(in  separate  containers)  and  clearly  marked  as  final  QCI  failures.  Complete 
documentation  of  this  QCI,  with  the  inspection  criteria,  is  to  be  o.  wered  to 
the  buyer  with  the  dice. 

4.4  Burn-in  Supplier 

4.4.1  Perform  bum-in  of  assembled  KGD  ATDs.  Each  of  the  KGD  ATD/die 
assemblies  is  to  be  subjected  to  a  dynamic  monitored  bum-in  that  is 
commensurate  with  the  requirements  for  verification  of  reliability  of  the  die 
being  processed.  The  bum-in  requirements  (time,  temperature,  signal 
connections,  and  monitoring)  shall  match  the  normal  bum-in  requirements  for 
each  part  when  that  part  is  normally  packaged  and  bumed-in. 

4.4.2  Separately  package  failing  parts,  clearly  marked  as  failures.  An  exceptions 
report  which  details  the  type  of  failure  and  when  it  occurred  should  be 
included  with  the  packaged  failed  parts. 

4.5  Functional  Test  Supplier 

4.5. 1  Perform  at-speed  functional  test  of  KGD  ATDs.  The  supplier  is  responsible 
for  performing  an  at-speed  full  functional  test  of  each  die  while  it  is  mounted 
in  the  KGD  ATD.  This  test  should  be  equivalent  to  the  test  that  is  normally 
performed  on  a  packaged  die.  All  test  results,  with  a  yield  and  exception 

*  report,  will  be  delivered  to  buyer. 

4.5.2  Separately  package  failing  parts,  clearly  marked  as  failures.  An  exceptions 
report  that  details  the  type  of  failure  and  when  it  occurred  should  be  included 

.  with  the  packaged  failed  parts. 
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5.0  Buyer  Tasks 

5.1  Supply  Component  Die  and  Layout  Data 

The  buyer  will  be  responsible  for  supplying  sort  test  screened  component  die  in  the  quantities  as 
stated  in  the  purchase  order  specification.  The  buyer  will  also  be  responsible  for  supplying  all 
layout  data  required  to  connect  to  the  devices. 

5.2  Supply  Test  Vectors 

In  the  event  that  the  KGD  supplier  is  not  also  the  source  of  the  integrated  circuits  to  be  processed, 
the  buyer  is  responsible  for  obtaining  the  test  vectors  used  for  functional  test  of  the  integrated 
circuits.  The  required  format  of  such  vectors  is  a  function  of  the  type  of  test  system  used  by  the 
test  supplier,  and  these  details  are  to  be  settled  by  the  buyer  and  supplier  and  included  in  the 
purchase  order  specification. 

5.3  Supply  Device  Data  Sheet  Information 

In  the  event  that  the  KGD  supplier  is  not  also  the  source  of  the  integrated  circuits  to  be  processed, 
the  buyer  will  provide  the  device  data  sheet  information  which  describes  the  power  requirements, 
parametric  pin  information,  and  a  detailed  functional  description. 
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Introduction  and  General  Information 


Scope: 

This  document  describes  the  guidelines  for  processes,  materials  and  equipment  for 
manufacturing  and  delivering  bare,  or  minimally  packaged1  semiconductor  product  with 
quality  and  reliability  comparable  to  their  functionally  equivalent  packaged  components. 

For  the  purposes  of  this  document,  these  methodologies  will  be  called  Known  Good  Die 
(KGD)  Assurance  Technologies.  This  document  is  limited  to  guidelines  for  these  assurance 
technologies,  and  does  not  cover  requirements  for,  nor  performance  of,  the  actual  Known 
Good  Die.  KGD  requirements  and  performance  are  addressed  in  the  Standard  for 
Procurement  and  Use  of  Known  Good  Die.2 

This  document  provides  guidance  to  organizations  developing  KGD  assurance 
technologies,  and  evaluating  and  implementing  those  technologies.  The  body  of  the 
document  contains  the  guidelines  which  were  developed  by  the  combined  MCC/Sematech 
task  team.  Appendix  A  is  included  so  that  information  needed  to  assess  particular 
technologies  for  test  and  bum-in  die  carriers  will  be  supplied  by  the  technology  supplier. 
Appendix  B  contains  information  on  issues  to  be  considered  by  the  KGD  technology 
supplier  and  user  if  mechanical  die  alignment  is  required. 

The  requirements  for  technologies  can  be  divided  into  short  term  and  long  term  groupings. 
Short  term  requirements  are  defined  as  those  which  can  be  implemented  quickly  and  will 
have  minimal  impact  on  existing  manufacturing  methods,  equipment  and  process  flows. 
Minimum  product  cost  and  maximum  manufacturing  efficiency  are  of  concern  for  all  long 
term  requirements.  Short  term  requirements  will  be  identified  in  this  document  with  a  (-1) 
paragraph  suffix,  long  term  with  a  (-2)  suffix.  The  long  term  requirements  are  included  in 
Appendix  C. 

Different  applications  and  industry  segments  (Military,  Industrial,  Commercial,  Consumer) 
can  have  different  KGD  assurance  requirements.  The  requirements  for  assurance 
technologies  developed  here  are  intended  to  include  the  needs  of  all  market  segments.  The 
ideal  would  be  fen:  each  segment  to  use  the  same  fundamental  assurance  technologies  and 
truncating  or  reordering  steps  to  suit  the  needs  of  their  products.  This  approach  will  lead  to 
the  most  manufacturable  process  for  KGD  suppliers,  and  ultimately  the  lowest  cost  for  all 
users. 

The  requirements  in  each  section  are  defined  in  terms  of  the  following  classifications: 

Rules.  These  subsections  contain  a  listing  of  baseline  capability  for  assessing  aspects 

of  KGD  technology  being  proposed  for  the  short  term. 


Recommendations.  These  subsections  indicate  optional  or  desirable  features  for  methods  which 
should  be  considered  when  conforming  to  this  guideline. 


Test  Methods  These  subsections  contain  a  description  of  test  methodology  used  for 

evaluating  KGD  technology  against  TAG  rules.  A  complete  description  of 
each  test  method  is  included  in  Appendix  D. 

Appendix  E  contains  the  references  which  are  noted  in  the  document. 

2.0  Applicable  documents 

£A)  Standard for  Procurement  and  Use  of  KGD,  Working  Document,  JEDEC  Modified  Version 
2.0, 18  May  1993,  As  submitted  for  ballot 

(B)  MIL-STD-883  Microelectronics,  Test  Methods  and  Procedures 

(C)  Annual  Book  of  American  Society  for  Testing  and  Materials  Standards 

3.0  Physical  Configuration 

See  Appendix  C  for  (-2)  future  requirements  (19%  timeframe). 

3  1  Device  types 

3.1.1  (-1)  Rules 

Shall  accommodate  all  types  of  active  devices  including  Analog,  Digital  and  mixed; 
Bipolar,  CMOS  and  mixed;  Memories,  Microprocessors,  DSPs,  Logic,  programmable 
Gate  Arrays,  MMICs^OptoElectronics  and  ASICS;  Silicon  based,  Silicon  on  Insulator  and 
Gallium  Arsenide. 

3.1.2(-1)  Recommendations 

None 

3.1.3(-1)  Test  Methods 

Will  be  evaluated  based  on  engineering  judgment  of  design. 

3.2  Incremental  Cost  targets 

3.2.1  (-1)  Rules 

Incremental  KGD  Assurance  Technology  Costs  should  not  be  significantly  greater  than 
those  associated  with  packaging  of  otherwise  conventionally  prepared  die. 

3.2.2(-1)  Recommendations 

None 

3.2.3(-1)  Test  Methods 

Will  be  evaluated  based  on  engineering  judgment  of  design. 
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3.3  Wafer/Die  sizas 

3.3.1(-1)  Rules 

Shall  accommodate  devices  from  2500  square  mils  [1 .6  square  mm]  to  500,000  square 
mils  £322  square  mm],  with  a  maximum  aspect  ratio  of  3  to  1 .  Size  tolerance  on  singulated 
die  will  be  £  ±  0.5  mils  £12  pm]. 

3.3.2(-1)  Recommendations 

Shall  accommodate  devices  from  400  square  mils  £.25  square  mm]  to  640,000  square  mils 
£413  square  mm],  with  a  maximum  aspect  ratio  of  3  to  1.  Size  tolerance  on  singulated  die 
will  be  <  ±  0.5  mils  £12  pm]. 

3.3.3(-1)  Test  Methods 

Will  be  evaluated  based  on  engineering  judgment  of  design. 

3.4  Die  thickness 
3.4.1  (-1)  Rules 

Shall  accommodate  devices  with  a  thickness  of  10  mils  £250  pm]  to  30  mils  £750  pm] . 
Thickness  tolerance  is  ±  1 .0  mils  £25  pml. 

3.4.2(-1)  Recommendations 

Shall  accommodate  devices  with  a  minimum  thickness  of  4  mils  £ lOOpm], 

3.4.3(-1)  Test  Methods 

Will  be  evaluated  based  on  engineering  judgment  of  design. 

3.5  Die  Interconnect  Quality 

3.5.1  Planarity*  of  Die/Interconnect 
3.5.1. 1(-1)  Rules 
Adaptation 

Shall  maintain  reliable  contact  of  die  with  nonplanarity  across  the  die  of  2.0pm.  (see 
Appendix  A  for  bump  information). 

3.5.1 .2(-1)  Recommendations 

None 

3.5.1.3(-1)  Test  Methods 

KGD  carrier  interconnect  will  be  tested  for  its  contact  resistance  to  a  dummy  die  with 
multiple  A1  layers  to  provide  a  range  of  pad  heights  per  MIL  Standard  883D  Method 
3017.3.3.  Contact  resistance  must  be  less  than  or  equal  to  0.5  £L  KGD  carrier  contact 
resistance  will  be  measured  prior  to  and  during  temperature  cycling.  Test  Method  3.5. 1.3  is 
described  in  Appendix  D. 
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3.5.2  Metallurgy  of  Die/Interconnect 
3.5.2. 1(-1)  Rules 

Adaptation 

Shall  maintain  reliable  contact  for  die/interconnect  metallurgies  including  Al,  Au,  and 
solder. 

Modification 

Shall  not  change  the  metallurgy  of,  nor  contaminate,  the  die/interconnect  in  a  way  which 
will  degrade  quality  or  reliability  parameters  of  the  device. 

3.5.2.2(-1)  Recommendations 

None 

3.5.2.3(-1)  Test  Methods 

Will  be  evaluated  based  on  engineering  judgment  of  design. 

3.5.3  Damage  to  die/Interconnect/Passivation 
3.5.3. 1(-1)  Rules 

Shall  not  cause  damage  to  layers  underlying  the  bond  pad  metal.  Shall  not  preclude  next 
level  assembly.  Probe  shall  not  contact  passivation  (top  or  side)4. 

3.5.3.2(-1)  Recommendations 

None 

3.5.3.3(-1)  Test  Methods 

Die  will  be  stationed  in  KGD  carrier  or  socket  and  removed  per  manufacturer 
specifications.  Die  will  be  inspected  for  bond  pad  damage  due  to  probe  contact  per  MIL 
Standard  883D  Method  2010.10.  Die  will  be  inspected  for  damage  to  layers  underlying  the 
bond  pad  metal  due  to  probe  contact  per  MIL  Standard  883D  Method  2010. 10.  Die  will  be 
wirebonded  and  pull  tested  for  bond  pad  damage  or  contamination  due  to  probe  contact  per 
MIL  Standard  883D  Method  201 1.7.  Die  will  be  tested  for  loss  of  adhesion  to  die  attach 
material  from  damage  or  contamination  of  back  side  of  die  due  to  Carrier  or  socket  contact 
per  MIL  Standard  883D  Method  2019.5.  Die  will  be  inspected  for  intermetalic  formation  on 
bond  pad  due  to  probe  contact  with  Auger  Electron  Spectroscopy  per  ASTM  method  E 
827-88  prior  to  and  after  bum  in  at  150  °C  for  168  hours.  Test  Methods  3.5.3.3  are 
described  in  Appendix  D. 
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4.0  Die  Process  Steps 


The  process  by  which  individual  die  undergo  KGD  Assurance  Technology  assessment  will 
depend  upon  the  nature  and  maturity  of  the  circuit  technology,  circuit  complexity,  and 
demands  of  the  die  customer.  It  is  not  appropriate  to  designate  a  single  die  flow  which 
applies  to  all  assurance  technologies.  The  following  are  identified  as  Assurance  Technology 
Processes  which  may  be  ordered  in  any  fashion  suitable  to  the  die  vendors/customers 
involved. 

Figure  1:  KGD 
Assurance  Technologies 
apply  to  the  generic 
processes  used  for  1C 
manufacture. 


•  Device  Design 

•  Wafer  Fabrication 

•  Wafer/Die  Probe  (Basic 
Functional  Test) 

•  Wafer  Mount  and  Saw 

•  Die  Assembly/ 
Disassembly/ 
Interconnection 

•Device  Test  (Full 
Function  Test) 
•Bum-In 

•  Pack/Ship 

*  •  Inspection 


217 


-I 


5.0  DETAILED  PROCESS  DESCRIPTION 

5.1  Device  Design 

5.1.1  Rules(-I) 

No  change  or  impact  required 

5. 1 .2(-1 )  Recommendations 

t 

None 

5.1 .3(-1 )  Test  Methods 

Will  be  evaluated  based  on  engineering  judgment  of  design. 

5.2  Wafer  Fabrication 

5.2.1  Rules(-I) 

No  change  or  impact  required 
5.2.2(-1)  Recommendations 
None 

5.2.3(-1)  Test  Methods 

Will  be  evaluated  based  on  engineering  judgment  of  design. 

5.3  Wafer/Die  Probe 

5.3.1(-1)  Rules 

Nothing  in  the  process  should  prevent  the  use  of  currently  practiced  wafer  probe 
techniques. 

5.3.2(-1)  Recommendations 

For  some  KGD  products,  wafer  probe  techniques  will  be  able  to  support  all  electrical 
testing  currently  being  performed  on  the  packaged  version  of  the  product.  For  these 
products,  wafer  probe  must  perform  the  tests  to  the  same  levels  and  under  the  same 
conditions  as  the  packaged  product,  or  eliminate  wafer  probe  by  inclusion  of  test  in 
subsequent  processes. 

5.3.3(-1)  Test  Methods 

Will  be  evaluated  based  on  engineering  judgment  of  design. 

5.4  Wafer  Mount  and  Saw 

5.4. 1  (-1 )  Rules 

Nothing  in  this  process  should  prevent  the  use  of  currently  practiced  wafer  mount  and  saw 
techniques.  See  Appendix  B  for  issues  to  consider  if  die  edge  is  used  for  alignment. 

5.4.2(-1)  Recommendations 

None 
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5.4.3(-1)  Test  Methods 

Will  be  evaluated  based  on  engineering  judgment  of  design. 

5.5  Die  Assembly/Disassembly  interconnect 

See  Appendix  A 

5.6  Device  Test  &  Burn-in 

i  The  device  test  and  bum-in  guidelines  are  divided  into  2  sets  of  numbers,  according  to 

number  of  device  I/O  accommodated.  Low  I/O  technologies  are  defined  as  those  able  to 
make  electrical  connection  to  fewer  than  100  pads,  and  high  I/O  technologies  are  those  able 
to  make  electrical  connection  to  more  than  100  pads. 

General  rules  which  apply  to  Assurance  Technologies  for  electrical  test  are: 

Shall  be  BIST5  capable 

Shall  accommodate  basic  functional  test 

Shall  accommodate  simulation/connection  of  external  devices 

Contact  resistance  compatible  with  bandwidth 

Shall  accommodate  die  with  backside  electrical  connection  requirement 

Shall  have  pin  1  identifier 

Shall  accommodate  die  pads  in  passivation  wells  <  1 ,5pm  in  ctepth 


5.6.1, 3(-1)  Rules  &  5.6.2,4(-1’ 

i  R  ecommendations  for  Low  I/O  Technologies 

Test  Attributes 

5.6.1(-1)  Test 

Rules 

5.6.2(-l)  Test 

Recommendations 

5.6.3(-l) 

Burn-in  Rules 

5.6.4(-l)  Burn-in 

Recommendations 

Carrier  Operating 
Temperature 

0°C  to  +125°  C 

-55°C  to  +150°C 

Die  =  175°C 

Ambient  =  150°C 

Die  =  175°C 

Ambient  =  150°C 

Time  @  Max 

Temperature 

12  Hours 

168  Hours 

Contact 

Resistance6 

<.50 

<.25Q 

<50 

<.250 

Min  Clock  Freq. 

100  MHz 

2GHz 

20  MHz 

50  MHz 

Array/Periph 

pads? 

Peripheral 

Both 

Peripheral 

Both 

Pad  Metalization 

Accommodated 

Al,  Au,  Solder 

Al,  Au,  Solder 

Al,  Au,  Solder 

Al,  Au,  Solder 

Pad  pitch 
Accommodated 

>200pm 

>  150pm 

>200pm 

>  150pm 

Passivation 

Opening 

>  100pm 

>75pm 

>  100pm 

>75pm 
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Char.  Impedance 
Tolerance 

±10% 

±5% 

±10% 

±5% 

EfiffRKEl 

6W/cm2 

20W/cm2 

6W/cm2 

20W/cm2 

#  of  touch 

downs/die7 

>2 

>2 

>2 

>2 

Table  1.  Test  and  Bum-in  attributes  required  for  low  I/O  KGD  Assurance  Technologies 


5.6.1. 1(-1)  Test  Method  for  Temperature  Cycling 

KGD  carrier  will  be  temperature  cycled  per  MIL  Standard  883D  Method  1010.7  except 
with  a  temperature  range  of  0  °C  to  85  °C,  0°C  to  +125°  C,  and  -55  °C  to  150  °C.  Test 
method  5.6. 1.1  described  in  Appendix  D. 

5.6.1 .2(-1)  Test  Method  for  Contact  Resistance 

KGD  carrier  interconnect  will  be  tested  for  its  contact  resistance  per  MIL  Standard  883D 
Method  3017.3.3.  Contact  resistance  must  be  less  than  or  equal  to  0.5  Q.  KGD  carrier 
contact  resistance  will  be  measured  prior  to  and  during  temperature  cycling  and  bum  in. 
Test  method  5.6. 1.2  described  in  Appendix  D. 

5.6.1.3,4,5(-1)  Test  Method  for  Maximum  Clock  Frequency,  Characteristic  Impedance, 

and  Bandwidth 

KGD  carrier  interconnect  will  be  tested  for  TDR  rise  time  per  MIL  Standard  883D  Method 
3017.  The  characteristic  impedance  will  be  measured  from  the  impedance  waveform 
display  on  the  TDR.  The  characteristic  impedance  must  be  within  10%  of  the  designed 
impedance.  Using  the  same  test  setup  while  replacing  the  TDR  with  a  network  analyzer,  the 
KGD  carrier  interconnect  will  be  tested  for  its  bandwidth  pet  MIL  Standard  883D  Method 
4004.1.3.4.  Bandwidth  must  be  greater  than  or  equal  to  500  MHz.  MIL  Standard  883D 
Method  3018  will  be  used  for  measuring  the  level  of  cross  coupling  of  signals  and  noise 
between  pins,  although  no  rules  have  been  defined.  Test  method  5.6.13,4,5  described  in 
Appendix  D. 

5.6.1. 6(-1)  Test  Methods  for  Die  Damage  or  Contamination  After  Two  Touchdowns 
Die  will  be  stationed  in  KGD  carrier  or  socket  and  removed  twice  per  manufacturer's 
specifications.  Die  will  be  inspected  for  bond  pad  damage  due  to  probe  contact  per  MIL 
Standard  883D  Method  2010.10.  Die  will  be  inspected  for  damage  to  layers  underlying  the 
bond  pad  metal  due  to  probe  contact  per  MIL  Standard  883D  Method  2010.10.  Die  will  be 
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wirebonded  and  pull  tested  for  bond  pad  damage  or  contamination  due  to  probe  contact  per 
MIL  Standard  883D  Method  201 1 .7.  Die  will  be  tested  for  loss  of  adhesion  to  die  attach 
material  from  damage  or  contamination  of  back  side  of  die  due  to  Carrier  or  socket  contact 
per  MIL  Standard  883D  Method  2019.5.  Test  5.6. 1.6  will  be  repeated  after  bum  in.  Test 
methods  5.6. 1.6  described  in  Appendix  D. 

5.6.3.1  (-1)  Test  Method  for  Bum-in  Test 

KGD  carrier  will  undergo  bum-in  per  MIL  Standard  883D  Method  1015.8  .  Test  method 
5.6.1.2  for  contact  resistance  will  be  applied  during  bum  in.  Visual  inspection  per  MIL 
Standard  883D  Method  2009.8  will  be  performed  after  bum  in.  Test  method  5.6.3.1 
described  in  Appendix  D. 

5.6.3.1(-1)  Test  Method  for  Thermal  Resistance 

KGD  carrier  will  be  tested  for  its  thermal  resistance  per  MCC  specified  thermal  resistance 
test.  The  KGD  carrier  thermal  resistance  will  be  tested  using  two  test  methods.  One  method 
would  be  to  measure  the  junction-to-ambient  thermal  resistance  in  a  forced  or  free 
convection  environment.  This  method  could  be  similar  to  the  SEMI  specification  G38,  with 
the  exception  of  using  a  thin  film  resistor  sputtered  on  silicon  rather  than  a  thermal  test 
chip.  Another  method  would  be  to  measure  junction-to-ambient  and  junction-to-case 
thermal  resistances  in  a  system  which  uses  a  flat  cooling  surface  to  a  cold  plate  for  its 
primary  heat  transfer  mechanism. 

5.6.3.2(-1)  Test  Method  for  Contact  Resistance  During  Bum  In 

KGD  earner  interconnect  will  be  tested  for  its  contact  resistance  per  MIL  Standard  883D 
Method  3017.3.3  during  test  5.6.3.1 .  Contact  resistance  must  be  less  than  or  equal  to  0.5 
Q.  Test  method  5.6.3.2  described  in  Appendix  D. 

Note:  Test  Methods  for  high  I/O  technologies  identical  to  low  VO 
technologies. 


» 
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5.6.5,7(-1)  Rules  &  5.6.6.8(-1' 

I  Recommendations  for  High  I/O  Tec 

hnologies 

Test  Attributes 

5.6.5(-l)  Test 

Rules 

5.6.6(-l)  Test 

Recomm  endations 

5.6.7(-l) 

Burn-in  Rules 

5.6.8(-l)  Burn-in 

Recommendations 

Carrier  Operating 
Temperature 

0°C  to  +125°  C 

-55°Cto+150°C 

Die  =  175°C 

Ambient  =  150°C 

Die  =  175°C 

Ambient  =  150°C 

Time  @  Max 

Temperature 

12  Hours 

168  Hours 

Contact 

Resistance8 

<50 

<.250 

<50 

<250 

Min  Clock  Freq. 

100  MHz 

500MHz 

20  MHz 

50  MHz 

Airay/Periph 

pads? 

Both 

Both 

Both 

Both 

Pad  Metalization 

Accommodated 

Al,  Au,  Solder 

Al,  Au,  Solder 

Al,  Au,  Solder 

Al,  Au,  Solder 

Pad  pitch 

Accommodated 

>  125pm  -  Periph 
>200pm- Array 

>80pm 

>125pm  -  Periph 
>200pm  -  Array 

>80pm 

Passivation 

Opening 

>75pm 

>50}im 

1  ipm 

>50pm 

Char.  Impedance 
Tolerance 

±10% 

+5% 

±10% 

±5% 

Power  dissipation 

10W/cm2 

50W/cm2 

10W/cm2 

50W/cm2 

#  of  touch 

downs/die9 

>2 

>2 

>2 

>2 

Table  2.  Test  and  Bum-in  attributes  required  for  high  VO  KGD  Assurance  Technologies 
Bum-in  atmosphere  or  immersing  liquid  shall  be  such  that  device  meets  section  3.5  of  this 
document  (Die  Interconnect  Quality)  without  requiring  new  equipment 


1 
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5.7  Shock/Vibration 

5.7.1  (-1)  Rules 

To  be  determined. 

5.7.2(-1)  Recommendations 

t  5.7.3(-1)  Test  Methods  for  Shock/Vibration 

KGD  carrier  will  be  tested  for  damage  after  exposure  to  mechanical  shock  per  MIL 
Standard  883D  Method  2002.3.  KGD  carrier  will  be  tested  for  damage  after  exposure 
to  vibration  per  MIL  Standard  883D  Method  2007.3.  .Test  method  5.7.3  described  in 
Appendix  D. 

5.8  Pack/Ship 

5.8.1  (-1 )  Rules 

Shall  accommodate  shipment  and  transmission  of  information  consistent  with  the 
requirements  of  the  JEDEC  KGD  Specification10.  Packing  shall  provide  protection  and 
compatibility  with  storage  conditions  listed  in  that  specification. 

5.8.2(-1)  Recommendations 

Shall  accommodate  individual  die  traceability  (site  on  wafer)  from  shipping  location  back 
through  fab. 

5.9  Inspection 

5.9.1  Rules(-I) 

KGD  Assurance  Technology  shall  permit  optical  inspection  including  user 
incoming  quality  verification  procedures  on  the  entire  device. 

5.9.2(-1)  Recommendations 

None 


Appendix  A:  KGD  Assurance  Technology  Supplier 
Requested  Information 

It  is  intended  that  the  information  in  Appendix  A  be  provided  by  the  supplier  of  a  particular 
approach  for  test  and  bum-in  die  carriers.  This  information  will  be  used  for  assessment  of 
the  technologies. 

A.l  Die  carrier  information 


Cost  of  Test/Burn-in  Carrier1 1 

#  of  reuses12 

Capacitance  -  Trace  to  trace 

Resistance  -  Trace  to  trace 

Resistance  of  trace  (Carrier  to  die 
pad) 

Bandwidth  ( — 3db) 

CTE13 

Surface  metal  of  Probe  tip14 

Table  A.1.1  Carrier  attributes  to  be  disclosed  by  KGD  Assurance  Technologies  supplier. 

A.2  Die  interconnect/bump  information 


Bump  Hardness  Accommodated 

Bump  Material  Accommodated 

Bump  Planarity  Accommodated 

Table  A.2.1  Attributes  of  bumped -die  conformance  requirements  to  be  disclosed  by  KGD  Assurance 
Technologies  supplier. 

A.3  Die  Assembly-Disassembly  and  interconnect 

The  following  attributes  of  the  die  assembly,  disassembly  and  interconnect  aspects  of  a 
KGD  assurance  technology  must  be  specified  and  accepted  by  die  maker,  assurance 
technology  user  and  die  customer.  For  each  element,  separate  attributes  are  to  be  specified 
for  bare,  bumped  and  TABed  die. 

The  methods  by  which  die  are  to  be  physically  and  electrically  connected  to  Assurance 
Technology  equipment  may  vary  according  to  the  ultimate  application.  This  guideline  seeks 
to  anticipate  but  not  enumerate,  all  of  the  assembly-disassembly  and  interconnection 
attributes  of  possible  Assurance  Technologies.  A  checklist  of  applicable  attributes  is 
provided  in  this  section  through  which  each  proposed  Assurance  Technology  might  be 
described.  All  applicable  attributes  must  be  specified  by  the  Assurance  Technology 
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manufacturer.  Proposing  manufacturers  are  encouraged  to  add  descriptive  parameters  not 
listed  herein  so  that  their  technology  be  fully  understood.  The  completed  list  will  serve  as  a 
basis  for  assessment  of  technology  complexity,  risk  and  application/development  cost.  For 
each  element,  applicable  values  must  be  provided  for  bare,  bumped  and  TABed  die  related 
processes. 

Die  preparation  includes  those  process  steps  required  to  provide  compatibility  between  the 
die  and  the  KGD  carrier.  These  steps  would  not  be  required  for  a  die  which  would  be 
bumed-in  and  tested  at  the  finished  package  level. 
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supplier. 


A.3.2  Die  Assembl 


Bare  Die 


Bumoed  Die  I  TABed  Die 


Process 
Qualification 
Status/Readiness 


Method  of  Validation 
(i.e.  Shipped  Quality 
Level  of  Product, 
Manufacturing 
Verification  or 
Feasibility,  Level  of 
Development  and  etc.) 


Availability  for 
Licensing/Transfer  to 
Second  Source 


ypeofBon 
(Mechanical, 
Metallurgical, 
Other) 


Method  of  Bonding 
(Thermal  Reflow, 
Thermal 
Compression, 
Mechanical  Clamp, 
Other) 


Solder 


Lead  Frame/Interface 


Flux 


Substrate/Carrier 
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Table  A.3.2  Attributes  of  die  assembly  requirements  to  be  disclosed  by  KGD  Assurance  Technologies 
supplier. 
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Process 

Process  Flow  Chart 

Automation 

Tools  <i.e.  Unique, 
Existing,  etc) 

Force  on  Die 

Rework  of  Die  Pads 

Robustness  for  Next 
Level  of  Assembly 
(i.e.  SPOL,  etc) 

1  *  7T»  m  HH 

Defect 

Definition/Criteria 

Costs 

NRE 

U/H  Plus 

Consumables 

Table  A.3.3  Attributes  of  die  disassembly  requirements  to  be  disclosed  by  KGD  Assurance  Technologies 


supplier. 


* 


K 
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Appendix  B:  Mechanical  Alignment  of  Die  Issues 

Issues  to  be  considered  if  mechanical  die  alignment  is  required;  i.e.,  using  the  sides  of  a  die 
for  alignment  to  a  probe  set. 

a.  Saw  Cut  Placement  Accuracy  (i.e..  Distance  to  Designated  Die  Feature) 

b .  Saw  Alignment  Accuracy:  Placement  of  saw  cut  centerline  +/-  0.15  mils  £4  pm]  of  intended 

location  at  any  point  across  wafers  of  up  to  S  in.  £200  mm]  diameter.  ^ 

c.  Saw  Cut  Dimensions:  Maximum  Saw  Cut  widths  maintained  between  1 .9  and  1 .4  mils  £48  and 
35  pm]  throughout  blade  life.  (Dimension  of  New  Blade  1 .8  mils  ±  0. 1  mil  £45  ±  2.5pm]). 

d .  Sawn  Edge  Camber  Total  deviation  (or  bevel)  of  sawn  edge  from  a  straight  vertical  cut  of  not 
more  that  2  mils  £50  p m]  through  the  thickness  of  a  die,  or  5%  of  wafer  thickness,  whichever  is 
smaller. 

e.  Edge  Cracks 

f .  Perpendicularity  (Trapezoidal  skew) 

Total  Saw  Drift  Control:  It  is  recommended  that  wire  saw  system  manufacturers  work  to 
control  the  total  wafer  to  wafer  drift  of  saw  alignment  to  an  average  no  more  than  +/-  0.15 
mils  r4pml  from  all  causes.  This  goal  might  be  attained  through  active  process  control 
based  upon  in-situ  sensors.  Midwafer  optical  recognition  system  based  realignments  may 
contribute  to  this  goal  if  throughput  is  not  dramatically  effected.  Alignment  based  on  die 
row  identification  without  special  alignment  marks  is  desirable. 

Improved  Saw  Placement  Accuracy:  It  is  recommended  that  wire  saw  system  manufactures 
move  to  field  products  with  improved  placement  accuracy  equipment  Placement  of  cut 
centerline  to  an  accuracy  of  +/- 1  pm,  even  without  improvements  in  blade  thickness,  is 
considered  beneficial  to  saw  operations  for  both  packaged  and  die  product. 


> 
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Appendix  C:  Future  Requirements  (1996  Timeframe) 

C.3.0  Physical  Configuration  (Future) 

C.3.1  Device  types 
C.3.1.1(-2)  Rules 

*  As  3.1.1(-1) 

C.3.1. 2(-2)  Recommendations 
None 

C.3.2  Incremental  Cost  targets  (Future) 

C.3.2. 1  (-2)  Rules 

As  3.2. l(-l) 

C.3.2. 2(-2)  Recommendations 

Less  than  1  .OX  the  cost  of  the  equivalent  packaged  part  in  volume 

C.3.3  Wafer/Die  sizes  (Future) 

C.3.3.1(-2)  Rules 

Shall  accommodate  devices  from  400  square  mils  £0.25  square  mm]  to  3,100,000  square 
mils  £2000  square  mm] ,  with  a  maximum  aspect  ratio  of  3  to  1.  Size  tolerance  on 
singulated  die  will  be  £  ±  1 .0  mils  £25|iml. 

C.3.3.2(-2)  Recommendations 
None 

C.3.4  Die  thickness  (Future) 

C.3.4.1(-2)  Rules 

Same  as  3.4.1(-1) 

C.3.4.2(-2)  Recommendations 
None 

C.3.5  Die  Interconnect  Quality  (Future) 

C.3.5.1  PLANARITY  OF  DlE/lNTERCONNECT 

*  C.3.5.1. 1  (-2)  Rules 

Same  as  3.5.1. 1(-1) 

C.3.5. 1.2(-2)  Recommendations 

* 

None 

C.3.5.2  Metallurgy  of  Die/Intercgnnect 
C.3.5.2.1(-2)  Rules 
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Same  as  3.5.2.1(-1) 

C.3.5.2.2(-2)  Recommendations 

None 

C.3.5.3  Damage  to  die/Interconnect/Passivation 
C.3.5.3.1(-2)  Rules 

Same  as  3.5.3. 1(-1) 

C.3.5.3.2(-2)  Recommendations 

None 

C.5.0  Detailed  Process  Description  (Future) 

C.5.1  Device  Design  (Future) 

C.5.1.1(-2)  Rules 

No  changes  that  adversely  impact  the  performance  of  die  device. 

C.5.1. 2(-2)  Recommendations 

BIST,  Boundary  Scan,  DFBI 

C.5.2  Wafer  Fabrication  (Future) 

C.5.2.1(-2)  Rules 

No  change  that  adversely  impacts  reliability  of  the  device 
C.5.2.2(-2)  Recommendations 
Change  allowed. 

C.5.3  Wafer/Die  Probe  (Future) 

C.5.3.1(-2)  Rules 

None 

C.5.3.2(-2)  Recommendations 

Changes  in  wafer  probe  equipment  and  techniques  permitted  provided  the  resultant  product 
will  meet  any  and  all  wafer  probe  specifications  currently  in  force. 

Recommend  whole  wafer  testing,  or  elimination  of  wafer  probe  by  inclusion  of  test  in 
subsequent  processes. 

C.5.4  Wafer  Mount  and  Saw  (Future) 

C.5.4.1(-2)  Rules 

None 

C.5.4.2(-2)  Recommendations 

None 
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C.5.5  Device  Test  &  Burn-in  (Future) 

The  device  test  and  bum-in  guidelines  are  divided  into  2  sets  of  numbers,  according  to 
number  of  device  I/O  accommodated.  Low  I/O  technologies  are  defined  as  being  capable  of 
making  electrical  connection  to  fewer  than  100  pads,  and  high  I/O  technologies  are  those 
capable  of  making  electrical  connection  to  more  than  100  pads. 

General  rules  which  apply  to  Assurance  Technologies  for  electrical  test  are: 

Shall  be  BIST15  capable 

Shall  accommodate  basic  functional  test 

Shall  accommodate  simulation/connection  of  external  devices 

Contact  resistance  compatible  with  bandwidth 

Shall  accommodate  die  with  backside  electrical  connection  requirement 

Shall  have  pin  1  identifier 

Shall  accommodate  die  pads  in  passivation  wells  <  1.5pm  in  depth 


C.5.5.1(-2)  Rules  &  C.5.5.2(-2)  Recommendations  for  Low  I/O  Tec 

hnologies 

Test  Attributes 

C.5.5. l(-2) 

Test  Rules 

C.5.5.2(-2)  Test 

Recommendations 

C.5.5.3(-2) 

Burn-in  Rules 

C.5.5.4(-2) 

Burn-in 

Recommendations 

Cairier  Operating 
Temperature 

-40°C  to  +125° 

C 

-55°C  to  +150°C 

Die  =  175°C 

Ambient  =  150°C 

Die  =  175°C 

Ambient  =  150°C 

Time  @ 

Temperature 

24 

168 

Contact 

Resistance 

<50 

<250 

<50 

<250 

Min  Clock  Freq. 

200  MHz 

2GHz 

20  MHz 

50  MHz 

Array/Periph 

pads? 

Both 

Both 

Both 

Both 

Pad  Metalization 

accomodated 

Al,  Au,  Solder 

Al,  Au,  Solder 

Al,  Au,  Solder 

Al,  Au.  Solder 

Pad  pitch 
accomodated 

>  100pm 

>  100pm 

>  100pm 

>100pm 

Passivation 

Opening 

>50pm 

>50pm 

>50pm 

>50pm 

Char.  Impedance 

tolerance 

±10% 

±5% 

±10% 

±5% 

6W/cm2 

20W/cm2 

6W/cm2 

20W/cm2 

#  of  touch 

£2 

>2 

>2 

>2 

downs/die 

Table  C.l.  Test  and  Bum-in  attributes  required  for  low  I/O  KGD  Assurance  Technologies 
(Future) 


C.5.5.K-2)  Rules  &  C.5.5.2(-2)  Recommendations  for  High  I/O  Technologies 


Test  Attributes 

C.5.5.5(-2) 

Test  Rules 

C.S.5.6(-2)  Test 

Recommendations 

C.5.5.7(-2) 

Burn-in  Rules 

C.5.5.8(-2)  Burn- 

in 

Recommendations 

-40°C  to  +125° 

C 

-55°C  to  +150°C 

Die  -  175°C 

Ambient  -  150°C 

Die  -  175°C 

Ambient  -  150°C 

24 

168 

Contact 

Resistance 

£.5Q 

<250 

Min  Clock  Freq. 

tOO  MHz 

500MHz 

20  MHz 

50  MHz 

Array/Periph 

pads? 

Both 

Both 

Both 

Both 

Pad  Metalizadon 

accomodated 

Al,  Au,  Solder 

Al,  Au,  Solder 

Al,  Au,  Solder 

Al,  Au,  Solder 

Pad  pitch 

accomodated 

iBSa 

IMa 

70pm  Periph,  150pm 
Array 

Min  Pad  Size 

■H 

50pm 

■Em 

50pm 

Char.  Impedance 

tolerance 

±10% 

±5% 

±10% 

±5% 

10W/cm2 

50W/cm2 

10W/cm2 

50W/cm2 

#  of  touch 

downs/die 

>2 

>2 

>2 

>2 

Table  C.2.  Test  and  Bum-in  attributes  required  for  high  I/O  KGD  Assurance  Technologies 
(Future) 


C.5.6  Shock/Vibration 
C.5.6.1(-2)  Rules 

C.5.6.2(-2)  Recommendations 
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C.5.7  Pack/Ship  (Future) 

C.5.7.1(-2)  Rules 

Same  as  5.8.1(-1) 

C.5.7.2(-2)  Recommendations 

Recommend  coding  of  device  history  or  tracking  information  on  each  die. 

j  C.5.8  Inspection  (Future) 

C.5.8.1(-2)  Rules 

Same  as  5.9.1(-1) 

C.5.8.2(-2)  Recommendations 
None 


* 
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HCTMOO  1010.7 
TENPeUTUM  CYCLING 

1.  PUWPOSC.  Kilt  tnt  is  conducted  to  dateraine  the  resistance  of  a  part  to  extreaes  of  high  and  low 
tsaparaturaa,  and  to  the  affect  of  alternate  exposures  to  these  extreaes. 

1.1  Teres  and  definitions. 

1.1.1  Load.  The  speeiasns  under  test  and  the  fixtures  holding  those  spec  inert*  during  the  test.  Haxiaue 
load  shall  be  deterained  by  using  the  worst  case  load  t saperaturc  with  specific  speciaan  loading. 

Monolithic  loads  used  to  siaulate  loading  asy  not  be  appropriate  when  air  circulation  is  reduced  by  load 
configuration.  The  aaxiaua  loading  aust  sect  the  specified  conditions. 

1.1.2  Monitoring  sensor.  The  teaperature  sensor  that  is  located  and  calibrated  so  as  to  indicate  the 
sane  teaperature  as  at  the  worst  ease  indicator  speciaen  location.  The  worst  case  indicator  speciaen 
location  is  identified  during  the  periodic  characterization  of  the  worst  case  load  teaperature. 

1.1.3  Horst  case  load  teaperature.  The  t cape  return  of  specific  specinens  as  indicated  by  theraocouples 
iabaddod  in  their  bodies.  These  indietor  speeiasns  shall  be  located  at  the  canter  and  at  each  comer  of  the 
load.  The  worst  case  load  teaperature  is  deterained  at  periodic  intervals. 

1.1.4  Horfcino  zone.  The  voluae  in  the  chaober(s)  in  which  the  teaperature  of  the  load  is  controlled 
within  the  lieits  specified  in  table  I. 

1.1. 5  Speciaen.  The  device  or  individual  piece  being  tested. 

1.1.6  Transfer  tiae.  Tne  elapsed  tiae  between  speciaen  reaoval  free  one  teaperature  ext  rear  and 
introduction  into  the  other. 

1.1.7  Maxi—  load.  The  largest  load  for  which  the  worst  case  load  teaperature  sects  the  tiaing 
requi resents  (sea  3.1). 

1.1.S  Pupil  Tiae.  The  tiae  froa  introduction  of  the  load  into  the  rhaahsr  until  the  load  is  transferred 
out  of  the  cheaper. 

2.  APPARATUS.  The  rhaaherU)  used  shall  be  capable  of  providing  and  controlling  the  specified 
teaperature*  in  the  working  zone(s)  whan  the  cheaper  is  loaded  with  a  aaxi—  load.  The  theme l  capacity 
and  air  circulation  wst  enable  the  working  zone  and  loads  to  aeet  the  specified  conditions  and  tiaing  (see 
3.1).  Worst  case  load  teaperature  shall  be  continually  aonitored  during  test  by  indicators  or  recorders 
reading  the  aonitoring  sensor(s).  Direct  heat  conduction  to  specinens  shall  be  einiaized. 

3.  TWOCEMme.  Specinens  shall  be  placed  in  such  a  position  with  respect  to  the  airstreaa  that  there  is 
substantially  no  obstruction  to  the  flow  of  air  across  and  around  the  speciaen.  Uhen  special  aounting  is 
required,  it  shell  be  specified.  The  speciaen  shall  then  be  subjected  to  the  specified  condition  for  the 
specified  nuaber  of  cycles  perforaed  continuously.  This  test  shall  be  conducted  for  a  ainiaua  of  10  cycles 
using  test  condition  C.  One  cycle  consists  of  steps  1  and  2  or  the  applicable  test  condition  and  aust  be 
•Depleted  without  interruption  to  be  counted  as  a  cycle.  Coapletion  of  the  total  nuaber  of  cycles  specified 
for  the  test  any  be  interrupted  for  the  purpose  of  test  chaaber  loading  or  unloading  of  device  lots  or  as 
the  result  of  power  or  equipaent  failure.  However,  if  the  nuaber  of  interruptions  for  any  reason  exceeds  10 
percent  of  the  total  nuaber  of  cycles  specified,  the  test  — t  be  restarted  froa  the  beginning. 

3.1  Tiaino.  The  total  transfer  tiae  froa  hot  to  cold  or  froa  cold  to  hot  shall  not  exceed  one  ainute. 

The  load  aay  be  transferred  when  the  worst  ease  load  teaperature  is  within  the  liaits  specified  in  table  I. 
However,  the  dwell  tiae  shall  not  be  less  than  10  ainutes  and  the  load  shall  reach  the  specified  teaperature 
within  15  ainutes. 
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TABLE  I.  Temper ature-cvcling  tut  condition*. 


Tit  condition  temperature  CC) 


Step  | Hi nut a*  | 

1  1  A 

1 

e  l  c 

D  1  E 

I 

T  1 

1  j  >  10  |  -55  *0 

i 

-55  40  |  -65  +0 

-65  +0  |  -65  40 

1 

-65  40  | 

Cold  |  j 

1 

1 

1 

1  1  -10 

1  1 

-10  j  -10 

1 

-10  |  -10 

1 

-10  | 

1 

1  1 

2  |  >  10  |  B5  *10 

1 

125  *15  |  150  *15 

1 

200  415  |  300  415 

1 

175  415  | 

Hot  j  j 

1 

1 

1 

1  1  -o 

_ 1 _ 1 _ 

-0  |  -0 

_ 1 _ 

-0  1  -0 

'  -o  | 

_ L 

NOTE:  Steps  1  and  2  aey  be  Interchanged.  The  load  teaperature  aay  exceed  the 

♦  or  -  zero  (0)  tolerance  during  the  recovery  time.  other  tolerance*  shell 
not  be  exceeded. 


3.2  Examination.  After  ceapletlan  of  the  final  cycle,  an  external  visual  exMlnatlon  of  the  aeHcing 
shall  be  performed  without  aagnlflcatlon  or  with  a  viewer  having  a  aagnlf icatlon  no  greater  than  3X.  A 
visual  examination  of  the  case,  leads,  or  seals  shall  be  perforaed  at  a  aagnlflcatlon  between  10X  and  2QX 
(except  the  aagnlflcatlon  for  examination  shall  be  1.5X  ainiaua  when  this  aethod  is  used  for  TOO  percent 
screening).  This  exaainatian  end  any  additional  specified  aeasureaents  and  exaaination  shall  be  aade  after 
coapletion  of  the  final  cycle  or  upon  coapletion  of  a  group,  sequence,  or  subgroup  of  tests  which  include 
this  test. 

3.3  Failure  criteria.  After  subjection  to  the  test,  failure  of  one  or  aore  specified  end-point 
aeasureaents  or  exMinatians  (see  4.d.),  evidence  of  defects  or  danage  to  the  case,  leads,  or  seals  or 
illegible  markings  shell  be  considered  a  failure.  Damage  to  the  aarfcing  caused  by  fixturing  or  hendling 
during  tests  shall  not  be  cause  for  device  rejection. 

4.  SUHHAAY.  The  following  details  shall  be  specified  in  the  applicable  acquisition  document: 

a.  special  mounting,  if  applicable  (see  3). 

b.  Test  condition  letter,  if  other  than  test  condition  C  (see  3). 

c.  Number  of  test  cycles,  if  other  than  10  cycles  (see  3). 

d.  End-point  aeasureaents  and  examinations  (see  3.1)  e.g.,  end-point  electrical  aeasureaents,  sml 
test  (aethod  1014),  or  other  eccaptance  criteria). 
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BURN-IN  TEST 

1.  PURPOSE.  The  bum-in  t*st  i>  performed  for  the  purpose  of  screening  or  eliminating  marginal  devices, 
those  with  inherent  defects  or  defects  resulting  from  Manufacturing  aberrations  which  cause  tiae  and  stress 
dependent  failures.  In  the  absence  of  bum-in,  these  defective  devices  would  be  expected  to  result  in 
infant  Mortality  or  early  lifetiae  failures  under  use  conditions.  Therefore,  it  is  the  intent  of  this 
screen  to  stress  Microcircuits  at  or  above  naxiaua  rated  operating  conditions  or  to  apply  equivalent 
screening  conditions  which  will  reveal  tiae  and  stress  dependent  failure  aodes  with  equal  or  greater 
sensitivity. 

2.  APPARATUS.  Details  for  the  required  apparatus  shall  be  as  described  in  Method  1005. 

*  3.  PROCEDURE.  The  Microelectronic  device  shall  be  subjected  to  the  specified  bum-in  screen  test 
condition  Csee  3.1)  for  the  tiae  and  teaperature  specified  (see  Method  5004  for  the  appropriate  device 
class)  or,  unless  otherwise  specified,  for  an  equivalent  tiae  and  teaperature  coabinetion  as  deterained  froa 
table  I  (see  3.1.1  and  3.1.2).  0NL  Manufacturers  who  are  certified  and  qualified  to  Nil- 1-38535  aoy  aodify 
the  tiae  or  the  teaperature  condition  independently  froa  the  regression  conditions  contained  in  table  I  or 
the  test  condition/circuit  specified  in  the  ailitary  detail  specification  provided  the  Modification  is 
contained  in  the  Manufacturers  duality  Management  Plan  and  the  *0"  certification  identifier  is  aarked  on  the 
devices.  Any  tiae-teaperature  coabinetion  which  is  contained  in  tabic  I  for  the  appropriate  class  nay  be 
used  for  the  applicable  teat  condition.  The  test  conditions  (duration  and  teaperature)  selected  prior  to 
test  shall  be  recorded  and  shall  govern  for  the  entire  test.  Lead-,  stud-,  or  case-eountcd  devices  shall  be 
aounted  by  the  leads,  stud,  or  case  in  their  noraal  Mounting  configuration,  and  the  point  of  connection 
shall  be  Maintained  at  a  teaperature  not  less  than  the  specified  aabient  teaperature.  Pre  and  post  burn-in 
Measurements  shall  be  aada  as  specified.  Burn-in  boards  shall  not  cap  lay  load  resistors  which  are  coaann  to 
aore  than  one  device,  or  to  more  than  ana  output  pin  on  the  seat  device. 

3.1  Test  conditions.  Basic  test  conditions  are  as  shown  below.  Unless  otherwise  specified,  test 
condition  F  shell  not  be  applied  to  class  S  devices.  Details  of  each  of  these  conditions,  except  where 
noted,  shall  be  as  described  in  aathod  1005. 


a. 


b. 


c. 


d. 


Test  condition  A: 
Test  condition  B: 
Test  condition  C: 
Test  condition  D: 


Steady-state,  reverse  bias. 
Steady-state,  forward  bias. 
Steady-state,  power  and  reverse  bias. 
Parallel  excitation. 


e.  Test  condition  E:  Ring  oscillator. 

f.  Test  condition  F:  Tcapereture-eccelerated  test. 

*  3.1.1  Test  teaperature.  The  aabient  bum-in  test  teaperature  shell  be  125#C  ainiaua  for  conditions  A 
through  E  (except  for  hybrids  see  table  I).  At  the  supplier's  option,  the  test  teaperature  for  conditions  A 
through  E  aey  be  increesed  and  the  test  tiae  reduced  in  accordance  with  table  I.  Since  case  and  junction 
te"P*rBture  will,  under  noraal  circuastances,  be  significantly  higher  than  aabient  teaperature,  the  circuit 
employed  should  be  so  structured  that  aaxiaua  rated  junction  teaperature  for  test  or  operation  shall  not 
exceed  200  C  for  class  B  or  175*0  for  class  S  (see  3. 1.1.1).  Devices  with  internal  thereat  shut-down 
circuitry  shall  be  handled  in  accordance  with  3.2.3  of  aethod  1005.  The  specified  test  teaperature  is  the 
ainiaua  actual  aabient  teaperature  to  which  all  devices  in  the  working  tree  of  the  chaaber  shall  be  exposed. 
This  shall  be  assured  by  aaking  whatever  adjustments  ere  necessary  in  the  chaaber  profile,  loading,  location 
of  control  or  aonitoring  instruments,  and  the  flow  of  eir  or  other  suitable  gas  or  liquid  chaaber  aediua. 
Therefore,  calibration  shell  be  accomplished  on  the  chaaber  in  a  fully  loaded  (boards  need  not  be  loaded 
with  devices),  unpowered  configuration,  and  the  indicator  sensor  located  at,  or  adjusted  to  reflect  the 
coldest  point  in  the  working  area. 
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3. 1.1.1  Test  tinfltufi  for  high  power  devi ces .  Regardless  of  power  level,  devices  shall  be  able  to  be 
bunted  in  or  life-tasted  at  their  aaxiaua  rated  operating  teaperature.  For  devices  whose  aaxieua  operating 
ta aperture  is  stated  in  terns  of  aabient  teaperature,  T.,  table  I  epplies.  For  devices  whose  aaxiaua 
operating  teaperature  is  slated  in  teras  of  case  teaperature,  T.  and  where  the  aabient  teaperature  would 

cause  T,  to  exceed  ♦200* C  (+175*0  for  class  S),  the  aabient  operating  teaperature  aey  be  reduced  during  s 

bum-in  and  life  test  frea  +12S*C  to  a  value  that  will  deaonstrate  a  T,  between  +17S*C  and  +200* C  and  T. 
equal  to  or  greater  than  +125*C  without  changing  the  test  duration.  04 ta  supporting  this  reduction  shall  be 
available  to  the  acquiring  and  qualifying  activities  upon  request. 

3.1. 1.2  Teat  tssnersture  for  hybrid  devices.  The  aabient  or  case  bum-in  test  teaperature  shall  be  as 

specified  in  table  I,  except  case  teaperature  bum-in  shall  be  performed,  as  a  ainiaue,  at  the  aaxiaua  . 

operating  caae  teaperature  (T-)  specified  for  the  device.  Bum-in  shall  be  320  hours  ainiaua  for  class  K. 

The  device  should  be  burned  in  at  the  aaxiaua  specified  operating  teaperature,  voltage,  and  loading 
conditions  as  specified  in  the  deteil  specification.  Since  case  end  junction  teaperoture  will,  under  noraal 
circuastances,  be  significantly  higher  than  aabient  teaperature,  the  circuit  should  be  so  structured  that 
the  aaxiaua  rated  jinction  teaperature  as  specified  in  the  detail  specification,  and  the  cure  teaperature  of 
polymeric  aaterials  as  specified  in  the  baseline  docunentatlon  shall  not  be  exceeded.  If  no  aaxiaua 
junction  teaperature  is  specified,  a  aaxiaua  of  175*C  is  anuasd.  Accelerated  bum-in  (condition  F)  shall 
not  be  permitted.  The  specified  test  teaperature  shall  be  the  ainiaua  actual  aabient  or  case  teaperature 
that  aust  be  aaintainad  for  all  devices  in  the  ehaaber.  This  shell  be  assured  by  asking  whatever 
adjustments  are  necessary  in  the  chtabsr  profile,  loading,  location  of  control  or  aonitoring  instnaents  and 
the  flow  of  air  or  other  suitable  gas  or  liquid  rhaaber  aediua. 

3.1.2  Taabormture  accelerated  test  details.  In  test  condition  F,  microcircuits  are  subjected  to  bias(es) 
at  a  teaperature  CIWC  to  250"C)  which  considerably  exceeds  the  aaxiaua  rated  junction  teaperature.  At 
those  elevated  temperatures,  it  is  generally  found  that  microcircuits  will  not  operate  normally  as  specified 
in  their  applicable  acquisition  documents,  and  it  is  therefore  necessary  that  special  attention  be  given  to 
the  choice  of  bias  circuits  and  conditions  to  assure  that  important  circuit  areas  are  adequately  biased 
without  subjecting  other  areas  of  the  circuit  to  damaging  overstress(es).  To  properly  select  the 
accelerated  test  conditions,  it  is  recoaaended  that  an  adequate  saaple  of  devices  be  exposed  to  the  Intended 
high  t«q>erature  while  Maturing  voltage(s)  and  current(s)  at  each  device  terminal  to  assure  that  the 
applied  electrical  stresses  do  not  induce  damaging  overstress.  Unless  otherwise  specified  in  the  detai  l 
specifications,  the  ainiaua  time-temperature  combination  shall  be  as  delinoatad. by  table  1.  The  ainiaua 
test  time  shall  be  12  hours.  The  spplied  voltage  at  any  or  all  terminals  shall  be  equal  to  the  recowMndsd 
operating  voltage(s)  at  125*C.  When  excessive  current  flow  or  power  dissipation  would  result  from  operation 
at  the  specified  voltage(s),  the  applied  voltage(s)  at  any  or  all  terminals  aay  be  reduced  to  a  ainiaua  of 
50  percent  of  the  specified  voltagiris)  and  the  testing  tine  shell  be  determined  in  accordance  with  the 
formula  given  in  3.5.6  of  method  1005.  Devices  with  internal  theraal  shut-down  circuitry  shall  be  handled 
in  accordance  with  3.5.6.1  of  method  1005.  Theraal  runaway  conditions  aust  be  evoided  at  all  tiaes. 

3.2  Hsaeur aments.  Pre  burn-in  measurements,  when  specified,  or  at  the  aanufacturer's  discretion  when  not 
specified,  shall  be  conducted  prior  to  applying  bum-in  test  conditions.  Post  bum-in  measurements  shell  be 
coapletad  within  96  hours  after  removal  of  the  devices  from  the  specified  bum-in  test  condition  (i.e., 
either  removal  of  teaperature  or  bias)  and  shall  consist  of  all  25*C  dc  parameter  measurements)  (subgroup 
A-1  of  method  5005,  or  subgroups  tested  in  lieu  of  A-1  es  allowed  in  the  aost  siailar  military  detail 
specification)  and  all  parameters  for  which  delta  liaits  have  been  specified  as  part  of  interim 
(post-bum-in)  electrical  measurements.  Delta  liait  acceptance,  when  applicable,  shall  be  based  upon  these 
measurements.  If  these  measurements  cannot  be  completed  within  96  hours,  for  either  the  standard  or 
accelerated  burn-in,  the  devices  shall  be  subjected  to  the  saae  test  condition  (see  3.1)  and  teaperature 
previously  used  for  a  ainiaua  additional  rebum-in  time  as  specified  in  table  I  before  post  bum-in 
asMursments  are  aade. 

3.2.1  Cooldown  after  standard  bum-in.  All  devices  shall  be  cooled  to  within  10*C  of  their  power  stable 
condition  at  room  teaperature  prior  to  the  removal  of  bias.  The  interruption  of  bias  for  up  to  1  minute  for 
the  purpose  of  mowing  the  devices  to  cooldown  positions  separate  from  the  chasber  within  which  bum-in 
testing  was  performed  shall  not  be  considered  removal  of  bias,  (biM  at  cooldown  position  shall  be  saae  as 
that  used  during  bum-in).  Alternatively,  except  for  linear  or  NOS  (CN0S,  NN0S,  PNOS,  etc.)  devices  or 
unless  otherwise  specified,  the  bias  aay  be  removed  during  cooling  provided  the  case  teaperature  of  devices 
under  tsst  is  reduced  to  a  aaxiaua  of  35*C  within  30  ainutes  after  the  reaoval  of  the  test  conditions  and 
provided  the  devices  under  test  are  removed  from  the  heated  ehaaber  within  5  ainutes  following  removal  of 
biM.  All  25*C  dc  aeesureaents  or  altemrte  subgroups  (see  3.2)  shall  be  completed  prior  to  any  reheating  \ 

of  the  device(s).  ' 
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3.2.2  Cooldown  iftw  «cctttf»t«d  bum-in.  All  devices  subjected  to  the  accelerated  testing  of  condition 
F  shall  be  cooled  to  within  10*C  of  power  stable  at  room  teaperature  prior  to  the  removal  of  bias. 
Interruption  of  bias  for  a  period  of  up  to  1  ainute  for  the  purpose  of  sowing  devices  to  cooldown  positions 
separate  from  the  chaatoor  within  which  burn-in  was  conducted  shall  not  be  considered  reaovel  of  bias,  (bias 
at  cooldown  position  shall  be  sane  as  that  used  during  bum-in).  All  specified  25 °C  dc  electrical 
measurements  shall  be  completed  prior  to  any  reheating  of  the  devices. 

3.2.3  Test  setup  aonitoring.  The  test  setup  shall  be  acnitored  at  the  test  teaperature  initially  and  at 
the  conclusion  ot  the  test  to  establish  that  all  devices  are  being  stressed  to  the  specified  requirements. 
The  following  is  the  ainiaua  acceptable  aonitoring  procedure: 

*  a.  Device  sockets.  Initially  and  at  least  each  6  sooths  thereafter,  (once  every  6  aonths  or  just 

prior  to  use  if  not  used  during  the  6  aonth  period)  each  test  board  or  tray  shall  be  checked  to 
verify  continuity  to  connector  points  to  assure  that  bias  supplies  and  signal  inforaetion  will  be 
applied  to  each  socket.  Board  capacitance  or  resistance  required  to  ensure  stability  of  devices 
under  test  shall  be  checked  during  these  initial  and  periodic  verification  tasts  to  ensure  they 
will  perform  their  proper  taction  (i.e.,  that  they  are  not  open  or  shorted).  Except  for  this 
initial  and  periodic  verification,  each  device  or  device  socket  does  not  have  to  be  checked; 
howevcr,  random  sampling  techniques  shall  be  applied  prior  to  each  tiae  a  board  is  used  and  shall 
be  adequate  to  assure  that  there  are  correct  and  continuous  electrical  connections  to  the  devices 
under  test. 

Connectors  to  test  boards  or  trays.  After  the  test  boards  are  loaded  with  devices,  inserted  into 
the  oven,  and  brought  up  to  at  least  125*C  (or  the  specified  test  teaperature,  if  less  than  125*0 
each  required  test  voltage  and  signal  condition  shall  be  verified  in  at  least  one  location  on  each 
test  board  or  tray  so  as  to  assure  electrical  continuity  and  the  correct  application  of  specified 
electrical  stresses  for  each  connection  or  contact  pair  used  in  the  applicable  test  configuration. 
This  shall  be  performed  by  opening  the  oven  for  a  aaxiaua  of  10  ainutes. 

c.  At  the  conclusion  of  the  test  period,  prior  to  removal  of  devices  from  teaperature  and  test 
conditions,  the  voltage  and  signal  condition  verification  of  b  above  shall  be  repeated. 

d.  For  class  s  devices,  each  test  board  or  tray  and  each  test  socket  shall  be  verified  prior  to  test 
to  assure  that  the  specified  test  conditions  are  applied  to  each  device.  This  may  be  accomplished 
by  verifying  the  device  functional  response  at  each  device  output(s).  An  approved  alternate 
procedure  may  be  used. 

Where  failures  or  open  contacts  occur  which  result  in  removal  of  the  required  test  stresses  for  any  period 
of  the  required  test  duration  (see  3.1),  the  test  time  shall  be  extended  to  assure  actual  exposure  for  the 
total  minimum  specified  test  duration.  Any  loes(es)  or  interruption(s)  of  bias  in  excess  of  10  minutes 
total  duration  tdtile  the  rh amber  is  at  teaperature  during  the  final  8  hours  of  bum-in  shall  require 
extension  of  the  test  duration  for  an  uninterrupted  8  hours  ainiaua,  after  the  last  bias  interruption. 

4.  slum  ARY.  The  following  details  shall  be  specified  in  the  applicable  acquisition  document: 

a.  Test  duration  if  other  than  as  defined  for  the  applicable  class  in  method  5004,  or  time-temperature 
combination  shown  in  table  l. 

*  b.  Test  condition  letter. 

c.  Bum-in  test  teapereture,  and  whether  ambient,  junction,  or  case  (see  3),  if  other  than  as 
specified  in  3.1.1. 

d.  Test  mounting,  if  other  than  normal  (see  3). 

e.  Pre  and  post  bum-in  aaasursaants  and  drift  limits,  as  applicable  (see  3.2). 

f.  Authorization  for  use  of  condition  F  and  special  aaxiaua  test  rating  for  condition  F  (see  3.1  and 
3.1.2),  when  applicable. 

g.  Tiae  within  which  post  bum-in  measurements  aust  be  coapleted  if  other  than  specified  (see  3.2). 
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ItOdMCAL  SKXX 


1.  FUTOSE.  The  shock  test  Is  inteded  to  dttsraine  the  suitdrility  of  the  dm  on  far  uw  in  electronic  sqjipant  which  my 
be  edijeettd  to  aderetely  mm*  daeks  as  a  rawlt  of  sukOnly  applied  forces  or  dnpt  dongas  in  scion  produced  by  rajf, 
hodling,  traraportatian,  or  field  operation.  Socks  of  this  type  my  disturb  operating  doroctaristics  or  cause  doage  aioitsr 
to  that  raaulting  free  ewaaaive  vibration,  particularly  rf  the  deck  pulses  are  repetitive. 


2.  AgagATUj-  The  dedc-taating  apparatus  doll  be  capable  of  providing  dock  pulses  of  SCO  to  30,003  g  (padc)  as  specified 
with  a  pulse  duration  batwaai  0.1  and  1.0  Billisecond,  to  the  body  of  the  device.  The  acodareticn  pulse  doll  be  a  half-sine 
wavafora  with  an  allowable  dittortiai  not  greater  dan  *30  parent  of  the  specified  padc  acxelarefkr,  *tS  ahell  be  aaaaurad  by  a 
transducer  and  cptiaal  elactraric  filter  with  a  cut-off  frapaney  of  at  least  5  tiaas  the  furkaantal  frspency  of  the  deck 
pulae.  the  pulse  drwtkn  dall  be  oseured  bstwaei  the  points  at  10  per  cart  of  the  peak  easier  at  ion  during  rise  tiae  and  at  TO 
paroant  of  the  padc  accalaraticn  cLring  decay  tiae.  Absolute  tolervxes  of  the  pulse  dratian  dall  be  the  greets  of  d).1 
Billisecond  or  *30  pa1  cent  of  the  pacified  duration. 


3.  WOCBUg.  The  duck-tasting  apparatus  dall  be  axntad  on  a  rctrdy  laboratory  tdde  or  aquivelint  brae  and  leveled  before 
uae.  The  device  dall  be  rigidly  aorntad  or  rastrainad  by  its  eras  with  suitable  protection  for  the  lead.  Naans  my  be  provided 
to  praanc  the  shock  free  being  repeated  due  to  tala’  in  the  apparatus.  Idlest  otherwise  pacified,  da  device  dall  be 
adrject  to  S  shock  pulses  of  the  pak  (g)  level  pacified  in  the  selected  test  ccrditicn  and  hr  the  pulse  doatiot  specified  in 
each  of  the  orientatkns  X^,  Yjj,  Yj,  Zj,  and  Zg.  tar  dances  with  interral  elaaurtts  monad  with  the  aejor  plane 
parpodicular  to  the  Y  arts,  the  Yj  ui  iakstiui  dall  be  defined  as  that  oe  in  dhch  da  elaaait  tends  to  be  raovad  tram  its 
aount.  imess  otherwise  pacified,  test  condition  B  dall  pply. 


Test  ccrditicn 


a  level  (task) 


Otretun  of  i 


3.1  Oaairatiui.  After  cnpCericn  of  da  test,  an  attarral  visual  urannatiui  of  the  Tfciip  dall  be  parforaad  without 
eagirficariczi  or  with  a  viewer  laving  a  rayiif  i cation  no  gawr  dan  Si  and  a  visual  uaairatmi  of  the  case,  leads,  or  seals 
dall  be  perforsad  at  a  aagrification  ban  an  TOk  and  ZX.  this  asaairaticn  and  ary  additional  pacified  aaaauraanta  «d 
ex aainaticn  dall  be  rade  after  aaptaticn  of  the  final  cycle  or  upon  captation  of  a  grop,  aaquewe,  or  sbgrop  of  tssts  which 
include  this  bast. 


3.2  FaiUre  criteria.  After  objection  to  the  last,  failure  of  my  pacified  aaesurcaants  or  ecahnaticn  (see  3  and  4), 
evKfenoe  of  defects  or  chaega  to  da  case,  leads,  or  seals,  or  illegible  Barkings  dall  be  considered  a  failure.  Daage  to 
eating  raped  by  fixturing  or  hedling  during  teats  dall  rot  be  cauae  lor  device  rejection. 

*  SS8EC-  following  details  shall  be  pacified  in  the  applicrtde  ecprisitiai  doaeant: 

a.  Teat  ocnditioi,  if  other  than  test  ccrditicn  B  (see  33. 

b.  Nadar  ad  direction  of  deck  pulses,  if  other  den  specified  (see  3). 


c.  Electrical-load  conditions,  if  applied*  (see  3). 


d.  Whan  required. 


t  after  teat  (see  3  ard  3.1). 


e.  When  respired. 


:  during  teat. 


< 
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VORATXM,  miM£  HCEUBCY 

1.  MBS.  The  varisfc U  framer  vibration  tan  1*  fmrformd  for  tha  purpaM  of  detraining  the  effect  tn  oeapoant  prs  of  » 

vibration  in  the  ^ecrfiad  frequency  range.  This  is  a  dMtructive  test. 

2.  IWWWfflB.  iffaratus  far  this  taat  shall  inclirir  aqripaatt  tapdile  of  providing  the  required  variola  fraquatey  vibration 
at  d»  specific  levels  ad  the  nsmiMry  cptical  and  electrical  aqripaax  for  poat-taat  aawaano 

3.  The  dance  shall  be  rigidly  fastened  on  the  vibration  pCMfora  end  the  laade  or  cdoles  ■hquateiy  secured,  the  t 
4wtoe  shall  be  vibratad  with  staple  hananie  aoticn  haring  rrdar  a  peak  bo  peak  aptitude  of  0.06  inch  (HO  percent)  or  •  pmk 
aoMUnKion  of  the  specitiad  tact  casHtion  A,  B,  or  C  (+2D  parcn,  -0  paroant  g).  Teat  ecnditiera  dall  be  aptitude 

corKrallad  beior  the  enoaaoMer  freqancy  ad  g  IsmI  oli  it  lulled  dae.  the  vibration  fraquatey  shall  be  varied  approtiaately 
Uqp  i  da  kelly  batiaat  20  and  2^XD  N*.  The  entire  fra pane?  range  of  20  to  2,000  Hz  and  return  to  20  Hz  dall  be  traversed  in 
nx  leas  that  4  atrueaa.  This  cycle  dall  be  perfumed  4  riaaa  in  each  of  the  oriaxations  X,  Y,  ad  2  (total  of  12  tiaes),  ao 
***  y*  ■****  shall  be  pplied  for  a  total  period  of  not  lets  that  48  airueas.  dan  specified,  devices  with  ai  internal  cavity 
eadairting  pvts  or  eltaarKs  subject  to  possible  aoieesnt  or  hrsdiap  during  vifaratiui  shall  be  further  tarred  by  radioqrpdHc 
eaeiiaticw  in  aocortbnoe  with  eathod  2012  or  by  deUdhng  or  eparirq  and  intarral  viaal  aaairatiew  at  XX  aerification  to 
p**aal  daaga  or  dtsUsackn.  tiara  this  test  is  parforaad  as  part  af  a  pop  or  algap  of  teats,  the  poat-taat  aeaauraaeits  or 
sss@8©*«aa  naad  not  be  pafuraeJ  specifically  at  the  ooncliaion  of  this  taat,  but  aey  be  parforaad  on  at  the  ooncliaioi  of  the 
grap  or  mdgrap. 


Teat  condition  hade  accaUrefiai.  o 

A  ao 

B  50 

C  TO 

3-1  DaejgMjgt.  After  oeprlation  of  the  taat,  an  actanal  visual  aaarinaticn  of  the  sarlring  shall  be  perfonad  wiriout 
■prificaKion  or  with  a  vieur  haring  a  sacrifice!  lot  no  yeetsr  dan  3k  ad  a  viaal  aMiiiailiii  of  the  caw,  i— fc  or  Mels 

dall  be  psrforasd  M  a  Mpiificatkii  babaei  XX  md  2X.  **» - “ - -  -)-  t  asisaaii  ii  f 

1  "ftlr  0E*>l*r’a’  *  **  tt*1  <»*•  «•  apUtim  of  a  grap,  asqsnct,  or  mbgnxp  of  tests  which 

•tirUaV  *nu  THC* 

3-2  fdi^Htf  crita-io.  After  ahjaction  to  the  taat,  failira  of  ay  spscifiad  n  [  n  n  t  or  ntrariin  (aae  3  ad  4), 
andinee  ^  defects  or  daaga  to  the  CMa,  leads,  or  ssaU,  or  HUgibU  Barkings  shall  be  aonswfarad  a  failure.  Dasage  to 
aakirg  caaad  I y  fixbring  or  handling  during  teats  shall  not  be  caaa  for  device  rejectxn. 

4.  WHY.  The  fol taring  details  shall  be  specified  in  the  ^pliedtle  aoqjisitiai  lines i it 

»-  Teat  condi rkn  (sea  3). 


b. 


(saa  3  and  3.1). 
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ICIKB  2009.8 
EXTBML  VISUM. 

1.  WWC6E.  Tht  pupoM  of  this  — ainaticn  is  to  verify  that  th>  aeu  isU,  deeigi,  ocnstrucrton,  earring s,  and  uorhaahip 
of  tha  device  art  in  auixibnce  with  tht  gpCioblt  aegifariticn  dans*.  this  tat  would  norally  fat  caplcyad  at  the  outgoing 
inpactia  fra  the  dtwrice  arufacturar's  facility  or  a  an  ineaeing  uar  impaction.  this  tat  ay  ala  be  utiliad  a  inapact 
for  dauge  due  to  hadling  and  aanting  of  the  daica. 

2.  OWUMTIB.  Appaata  uaad  in  this  tast  ball  be  enable  of  daanstiatiiq  device  conform  to  the  appliafcto  ragiiraancs, 

»  Uriah  ay  include  optical  aquifaant  capMe  of  agrifiaria  of  1.5X  airhaui  ad  a  relatively  large  ad  aciuasihl*  field  of  via 

ash  a  a  ilUahnatad  ring  agwificr. 

3.  Wtxaug.  the  darics  shall  be  aaainad  erdu-  a  agrifi cation  of  1.SX  to  UK  (a  applicable)  with  a  field  of  via 
sufficiently  large  to  oncrin  the  arire  daice  ad  allow  ingractia  in  accorthnoe  with  the  rsquiruanei  of  the  applicable 
acquisition  specification  ad  the  criteria  lietad  in  3.2.  Where  adsraee  of  foreign  aterial  is  in  quatiai,  devices  eey  be 
adijactad  bo  a  clan  filtered  air  straa  Cauctia  or  apulsiati  of  8B  feet  pa  aecond  aanaa,  and  reimptetad. 

3.1  Impartial  criteria.  Criteria  lietad  in  12i  and  b  shall  be  inapactad  at  1.5  to  3X  a  a  100  percent  bail.  Criteria 
listed  in  3.2c  througi  h  (a  aplicsble)  ball  be  impacted  at  1 JX  to  XX  on  a  XX)  patent  bait,  a  a  a  saple  basis  using  a 
LffO  of  2  with  awe  accept  rteba  of  a  If  enter  acre  rejects  ooor  in  the  saple,  the  lot  shall  be  reinspected  XD  peroent 
using  a  agrrificatia  no  lea  tha  that  uaad  fa  the  erigbal  inapaefia  fa  the  failed  criteria. 

3-2  FeiUre  criteria.  Oavioa  shall  fail  if  day  cdrttnt  ary  of  the  following: 

a.  Hating  (catsnt,  plaoaat,  legibility,  etc.)  not  in  accctthnce  with  the  gplic^le  specification. 

b.  Leads  or  terminals  which  are  not  intact  or  aligad  in  their  rural  locatia,  fra  of  darp  ar  inepectfied  lad  bads,  or 
fra  of  twist  outside  the  anal  leaf  plane. 

c.  Device  daigi,  lead  (tanrinal)  idaeif  icatia,  atariaU,  construction,  ar  vorioaahip  sre  rat  in  accordaeja  with  tha 
nplioble  gueificBticn  a  drawing. 

d.  Natal  or  araaic  padaga  with  hard  glaa  to  aetal  sals  or  glaa  feed  thnoutfi  type  sal;  or  araaic  paefeaga  with  bread 
Lada  or  leads  suiting  thraqft  tha  aaling  glaa  which  ahWt  any  of  the  fd  lowing: 

Brdta  pachaga  or  cracks  in  the  packages.  Surface  acrattha  shall  not  be  caun  for  failure  most*  wiure  they 
vioiBW  uuw  cnuna  iam  narew  tot  Hnnr%  Tmun,  ccc* 

Sty  drip  cut  diaaeia  that  enoaade  0.Q50  inch  in  ary  di  ruction  a  the  arfaoe  ad  ha  a  dgjth  which  eccaric  25 
per  cat*  of  the  thirtmas  of  the  effected  periagr  el  seat  (e.g.,  cower,  baa,  or  all). 

try  drip  cut  of  cetane  or  seeling  glaa  that  paratrata  the  sealing  glaa  degcr  tha  the  giaa  eaiscus  plae,  or 
that  npneri  ay  lead  truer  aterial  that  is  not  intawbd  to  be  egaeat  by  daigi.  Sa  2009-1. 

Visible  evidence  of  cor  rosier,  curtail  at  ion,  breakage,  groaly  bait  ar  broken  leads,  crocked  teals  (exugit  for 
glaa  ueiiscua),  defective  (paling,  flaking,  or  blistering)  or  Cbagsd  (scratches,  ears,  or  indaitatia*  which 
epoa  irxhrpla**  or  baa  anal)  finish.  Mscoiaraticn  of  the  finish  shall  not  be  cause  for  feiliau  ui lea  there  is 
•ridenee  of  flaking,  pitting,  or  corrosion. 

External  leal  aetalliatien  stripe  foraing  a  ccndjctor  to  a  brand  lead  which  artribits  voids  grater  than  25  percent 
of  the  condicbor  width. 

leads  with  pita  or  depressions,  or  both  which  mead  25  parent  of  the  width  (diaeter  for  rosed  leads)  end  are 
greater  tha  50  per  cat  of  the  leaf  thidoas  in  dgxh. 

lads  with  burs  woadirg  a  heigit  greater  tha  50  per1  oat  of  the  tad  thickness. 


(1) 

CZ> 

03 

(M 

(5) 

(6) 

*  CD 
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(8)  Lad  aisatfgaed  to  da  torn  pad  to  the  Mane  that  lean  than  75  psroeit  of  the  Laad  bras  sectxn  ia  brand  to 
the  pad. 

(9)  NMalliarkn  (including  aobdr  laad  firridO  in  dridt  the  isolation  betwnet  laad*  or  faatuaat  laad  ad  ocher  padage 
artaUiaaCiat  is  raduead  to  lan  that  50  porcatt  of  the  land  sanation,  but  in  no  eaaa  laaa  than  da  caaa  autlina 


(109  Brass  aatsruk  flow,  or  altar  foreyi  aatarial  (i.e.,  ecntarinatioi  or  corrosion)  dridt  raduoas  the  isolation 

tun  isai  loads  or  batuaat  boa  pads  to  lass  than  90  parent  of  laad  a^aratiat  (pad  seaman  for  brand  loads)  but 
in  no  eaaa  loss  dan  da  ease  outline  aeria*.  ^ 

(TO  Protrusiaa  on  da  battos  (aousting)  surface  at  da  package  dridt  actad  beyond  da  seating  plane. 

(12)  rratruakus  (excluding  glass  ns»  out)  on  ay  other  padoage  surface  dridt  saoaads  da  laad  dridaaae  in  her^Tt. 

CO)  Evident  of  cracks,  dsiaarination,  sanation,  or  voiding  on  ary  aktilsyar  caraeic  pariagr 

04)  Bran  aMarial  which  incraasas  da  laad  diaansiont  to  greater  that  1.5  tins  da  laad  dridsaae  don  da  design 
aarlaa  batuaoi  da  itiig  plane  ad  da  earaaic  body  or  whidt  incroaeas  da  laad  dianaiom  to  yeatar  dan  the 
dasigi  asafaui  below  da  seating  plans. 

(15)  Uadi  or  tsrainaU  drish  art  not  free  of  forsigi  arterial  su eh  as  paint  or  odar  adaraa  daocaits. 

a.  Defects  in  da  sorting  glass  at  packages  with  had  glass  aarts,  bead  saaU,  or  faod-draujpi  glass  aaaU  of  individurt 

loads  dridt  adribit  any  of  da  following: 

(1)  Crazing  of  gtas  seal  surface  (see  figrs  2009-2). 

(2)  isdial  cracks  that  originate  at  da  caaa  fao^r  glass  to  tat  and  pmagae  irsard  tcuard  da  leads  (an  figure 
2009-3). 

(3)  MU  or  circurtanaKW.  cracks  dridt  actad  bsyerri,  or  are  located  in  da  region  beyond  da  ■hBarints  of  distance 
fras  da  laad  to  da  case  Cans  figs*  2009-4  and  2009-5). 

(4)  *y  single  cirasderantisl  crack,  tor  ouarUffring  cracks)  dridt  drtas)  not  lie  opUtely  within  o  single  quadait 
(i.e.,  actadt  bsyad  SOT  are  or  rotation  shout  da  load  toot  figure  2009-5). 

(5)  HBrisos  crocks,  mo a*  those  located  within  era  half  da  distance  fras  bahaai  da  toad  to  da  case 

(aetal  total),  (see  figs*  2009-6).  the  gins  aatiscus  is  defirad  aa  that  area  of  glass  tdiidi  wicks  eg  da  Isai 
or  terakal.  Mir-lins  cracks  occurring  in  da  glass  aarrisaa  are  called  asm  ecus  cracks. 

(6)  IBastra*  seals  whidt  adribit  nomrifora  wi eking  (i.e.,  ragdtve  aaiiaous)  at  da  laad  or  body  interface,  or  both 
(sot  figre  2009-8.) 

(7)  Vends,  or  qan  or  cloaod  tadbtas  in  da  Baling  glass  (see  figure  2DD9-7). 

f.  Canonic  pacJagas  without  leads  (e.g.,  laadtass  chip  carriers)  dridt  adribit  ay  of  da  following: 

(1)  Visible  evidntce  of  corrosion,  ccntaeiiaticn,  brsdage,  erodeed  sorts  or  defective  (peeling,  flaking,  or  blistering) 
or  toaqpd  (scratdas,  an,  or  irdattaticne  erasing  urderpUt*  or  boot  aetal)  finidt  or  aridetoe  of  ptotirg 
nontfasiat.  (Discoloration  of  finish  shall  rat  be  cause  for  failure  isttoas  dare  is  sridatc*  of  flaking,  pitting, 
or  corrosion.} 

CD  Coraric  drip-outs  dat  dinana tonally  exceed  50  percent  of  the  distance  between  terminals  in  or y  direction  on  the 
affected  surface  (edge  or  corner),  ad  exceed  a  depth  of  25  percsit  of  da  thideaee  of  the  affected  padage  etonast 
(a.g.,  cover,  lid,  baaa  or  tall). 

CD  GridBaa  of  cracks,  detoarinekion,  spjaatkii  or  voiding  on  ay  package  rtarait. 

*7H®  2009.8 

29  (by  1987  f 


246 


HIL-STD-6KJD 


Lid  or  cawr  protrusions  Mt  emaad  25  prait  of  tie  tcmal  width  in  heigit. 

protnaioa  that  ammd  25  percait  of  the  terminal  width  in  hei^tt  begad  the  arface  plane  of  the  adder  pads. 

Necallimrai  (not  interbed  by  dosigi)  twtren  solder  pads,  bed— n  el— its  of  thereal  pettems  and  between  seal 
rirg  or  lid  to  astaUimd  casteUatxna  tiridt  rad—  the  iaoUKiot  to  lass  that  50  percatt  of  pad  sga ration. 

CmtsUatiai  to  solder  pa  sisal  Sgsarit.  the  aetal  in  the  casteUaricn,  etclurive  of  the  aruler  ring,  ball  be 
within  the  viaally  attended  banbna  of  the  alder  paL 

CaateUarion  configuration  rat  in  smjuJeice  with  the  fol  lowing  (see  figae  2009-10).  The  cartel  lotion  shell  be 
roughly  concave,  on  if  wad  by  a  3-diaataienal  space  trewerjirg  all  caateUatad  oerearic  layers  at  the  package  edge, 
the  arfaoe  of  the  cestellaticn  my  be  iiregjlar.  The  "3-diaansiaal  space*  has  these  diaensians: 

Rinieui  width  >  one-third  padage  teramal  pad  width 
Rinma  depth  >  c.  e-half  casteilarioi  eirriaa  width 
laigth  *  As  design*)  (see  figure  2009-10) 
derma  width  <  package  terainal  pad  width 
Wariaa  dgXh  <  one-half  caateUarion  mnriaa  width 

These  disunions  atbapt  to  aaare  with  eoae  reaaondiUnass  that  the  eastellatias  are  not  viewed,  in  the  estreat  sense,  aa 
virttal  flat  surfaces  at  the  pedate  edge  aid  are  rot  virtual  dosed  visa  Onlm). 

*  3-  Evidenoeof  ay  rmuortftjuasae  with  the  detail  drawing  or  epplicatote  acquisition  daaaant,  absence  of  eny  required 

feature,  or  evidence  of  change,  octroaiqt,  or  ooraerinatien  whidi  will  interfere  with  the  norml  gpliearticn  of  the 
device. 

h.  Otal-m-line  packages  esdribiting  an/  visible  scratch,  atr,  or  indentation  in  the  surface  finish  of  the  lead  above  the 
mating  plane  that  atoeadk  sore  than  one-half  the  width  of  the  laa)  and  severely  changes  the  finidt  or  esgoees  mderpLete 
or  bam  aetal. 

*  4.  atHMtr.  The  following  details  dall  be  spocified  in  the  qplicdble  acquisitiai  docueatt: 

a.  Ragrireaants  for  —kings  and  the  Uad  (teraiiaO,  or  pin  identificetitju 

b.  Detailed  reguirmaiti  for  mterials,  deaigt,  construction,  and  wort— atrip. 

c.  mgrtfi cation  tf  other  that  specified. 


(4) 

(5) 

(6) 


(7) 

(8) 
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REJECT 


FIGURE  2009-2.  Cfad  Qian  aurfacc- 


FISURE  2Q39-3.  Ogda  aret~f*"i~;  i— g 

HEIHDD  2009.8 

Stoner 


> 


HIL-STD-483D 


ACCEPT  -M2223 


•REJECT- 


^ACCEPT 


FIGURE  20W-4.  Ifrrtiil  cnrefat. 


REJECT-EXTEND  beyond 
MIDPOINT  FROM 
LEAD  TO  CASE 


REJECT 


ACCEPT 


•NOT  WITHIN-  RE  JECT  — EXTEND  BEYONtT 
SINGLE  QUADRANT  MIDPOINT  FROM 

LEAD  TO  CASE 


FIGURE  2009-5.  CiraiiferantUil  crada. 


REJECT, 


>  50%  OF 
DISTANCE 


[m 


ACCEPT 


ACCEPT 

rLOCATEO  AT  OR 
EXTENDING  INTO 
THE  REGION  1/2 
THE  DISTANCE 
BETWEEN  THE 
LEAD  AND  CASE 


BROKEN  AWAY 


FIOJE  2OT-4.  jjgwagg  cfda. 
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NEGATIVE  MENISCUS 
REJECTABLE 


POSITIVE  MENISCUS 
ACCEPTABLE 


FIGURE  209-8.  Ruwit  aeala. 
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PLANE  I 


VIRTUAL 
CLOSED 
VIA  T 

PAD  — ' 
WIDTH 


3-  REJECT 

32*7 

/IF 


PACKAGE 

/EDGE 

/VIRTUAL 
*  FI 


flat  surface 

CASTELLATION  WIDTH 
ACCEPT  OPEN  VIA 

WITHIN  ' 


DIMENSIONAL' 
LIMITS,  IF  NOT 
REJECT 


H 


.CASTELLATION 

DEPTH 


PACKAGE _ j 

HEIGHT 


c 


CASTELLATION 

LENGTH 


LENGTH 


Note:  Cenaric  Layer*  shift,  edges  are 
rou^i  after  pinching,  plating  build? 
is  not  sooth,  etc.,  all  of  these  ccebine 
during  package  aawfactune  to  aeke  the 
carte Uatian  aeeaureamit  difficult. 
Therefore,  in  the  evait  of  anfliets  in 
determining  eastellsticn  acceptance, 
direct  ccntact  aeasursant  shall  be  aede 
using  the  limits  specified  in  KIL-STD-1S55. 

FIGURE  2X39*10.  Cartel  laricn  reari  resents. 
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NETHOO  2010.10 
INTERNAL  VISUAL  (MONOLITHIC) 

1.  PURPOSE.  The  purpose  of  this  test  is  to  check  the  internet  materials,  construction,  end  workmanship 
of  Microcircuits  for  coapliance  with  the  requireaents  of  the  applicable  acquisition  document.  This  test 
will  normally  be  used  prior  to  capping  or  encapsulation  on  a’  100  percent  inspection  basis  to  detect  and 
eliminate  devices  with  internal  defects,  that  could  lead  to  device  failure  in  normal  applications.  It  nay 
also  be  employed  on  a  sampling  basis  prior  to  capping  to  determine  the  effectiveness  of  the  manufacturer's 
quality  control  and  handling  procedures  for  aicroelectronic  devices.  Furthermore,  the  criteria  of  this  test 
method  will  be  used  during  destructive  physical  analysis  (DPA)  following  the  procedures  outlined  in  test 
method  5009,  "Destructive  Physical  Analysis".  Test  condition  A  and  B  provide  a  rigorous  and  detailed 
procedure  for  internal  visual  inspection  of  high  reliability  microcircuits  as  specified  in  the  screening 
requireaents  of  test  method  5004.  For  condition  B  product  the  alternate  screening  procedure  documented  in 
test  method  5004  may  be  used  by  the  manufacturer  as  an  option  to  internal  visual  inspection  as  specified. 

2.  APPARATUS.  The  apparatus  for  this  test  shall  include  optical  equipment  capable  of  the  specified 
magnification  and  any  visual  standards  (gauges,  drawings,  photographs,  etc.)  necessary  to  perform  an 
effective  examination  and  enable  the  operator  to  make  abjective  decisions  as  to  the  acceptability  of  the 
device  being  examined.  Adequate  fixturing  shall  be  provided  for  handling  devices  during  examination  to 
promote  efficient  operation  without  inflicting  damage  to  the  units. 

2.1  SaAs  device  requirements.  GaAs  devices  shall  be  inspected  to  all  applicable  criteria  as  listed 
herein.  SaAs  microwave  devices  shall  also  have  additional  specific  criteria  as  listed  and  the  applicable 
high  power  magnification  for  individual  features  of  SaAs  aicrowave  devices  shall  be  selected  from  the 
following  table. 

TABLE  I.  SaAs  microwave  device  high 
magnification  requirements. 


I  Feature  dimensions  I  Magnification  range 

I  I 

1  >  5  microns  |  75-150X 

|  1-5  microns  j  150-400X 

|  <  1  micron  |  400-1000X 


*  2.2  Silicon-on-Sapohire  (SOS)  device  requirements.  SOS  devices  shall  be  inspected  to  all  applicable 
criteria  specified  herein,  except  where  noted.  The  sapphire  portions  of  the  die  shall  be  considered 
"nonconductive  and  nonoperational  material". 

3.  PROCEDURE. 

a.  General.  The  device  shall  be  examined  within  the  specified  magnification  range  to  determine 
coapliance  with  the  requirements  of  the  applicable  acquisition  document  and  the  criteria  of  the 
specified  test  condition. 

The  inspections  and  criteria  in  this  aethod  shall  be  required  inspections  for  all  devices  and 
locations  to  which  they  are  applicable.  Where  the  criterion  is  intended  for  a  specific  device 
process  or  technology,  it  has  been  indicat'  ' 
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b.  Sequence  of  inspection.  The  order  in  which  criteria  are  presented  is  not  a  required  order  of 
exaai nation  and  say  be  varied  at  the  discretion  of  the  aanuf acturer . 

> 

When  inverted  die  aounting  techniques  are  eaployed,  the  inspection  criteria  contained  herein  that 
cannot  be  perforaed  after  aounting  shall  be  conducted  prior  to  attachaent  of  the  die.  Devices 
which  fail  any  test  criteria  herein  are  defective  devices  and  shall  be  rejected  and  removed  at  the 
tine  of  observation. 

Visual  criteria  aay  be  inspected  as  follows:  ♦ 

CD  Prior  to  die  attachaent  without  re-exaai nation  after  die  attachaent;  3.1. 1.2,  3. 1.1. 5, 

3. 1.1. 7,  3.1.2,  3.1.4  e  and  f,  3.1.5,  3.1.6  a-f,  3.2.6. 

(2)  Prior  to  bonding  without  re-exaai nation  after  bonding;  3.2.3. 

(3)  For  condition  B  only;  the  following  criteria  aay  be  inspected  prior  to  die  attachaent  at  high 
power,  plus  low  power  after  die  attachaent,  provided  a  high  aagnif ication  saaple  to  LTPD  5  is 
perforaed  at  preeap  inspection;  3. 1.1.1,  3. 1.1. 3,  3. 1.1. 4,  3. 1.1. 6,  3.1.3,  3.1.4  a-d  and  g-o, 

3.1.6  g  and  h,  3.1.7.  If  the  saaple  fails  the  entire  lot  shall  be  reinspected  at  high 
aagnif ication  for  the  failed  criteria. 

*  c.  Inspection  control.  In  all  cases,  exaai nation  prior  to  final  preseal  inspection  shall  be 

perforaed  under  the  saae  quality  prograa  that  is  required  at  the  final  preseal  inspection  station. 

Care  shall  be  exercised  after  inspections  in  accordance  with  3b,  to  insure  that  defects  created 
during  subsequent  handling  will  be  detected  and  rejected  at  final  preseal  inspection.  During  the 
tiae  interval  between  visual  inspection  and  preparation  for  scaling,  devices  shall  be  stored  in  a 
controlled  environaent.  Devices  exaai ned  to  condition  A  shall  be  inspected  and  prepared  for 
sealing  in  class  100  environaent  and  devices  exaai  ned  to  condition  B  criteria  shall  be  inspected 
and  prepared  for  scaling  in  a  class  100,000  environaent,  (see  30.1.1.7  of  appendix  c  of  ML-I- 
38535)  except  that  the  aaxiaua  allowable  relative  huaidity  in  either  environaent  shall  not  exceed 
65  percent.  Devices  shall  be  in  covered  containers  whan  transferred  froa  one  controlled 
environaent  to  another. 

*  d.  Magnification. ■  "High  aagnif ication"  inspection  shall  be  perforaed  perpendicular  to  the  die 

surface  with  the  device  under  illuaination  perpendicular  to  the  die  surface.  "Low  aagnif ication" 
inspection  shall  be  perforaed  with  a  aetallurgical  or  stereoaicroscope  with  the  device  under 
suitable  illuaination.  Low  aagnif ication  aay  be  perforaed  at  an  angle  other  than  90°  to  the  die 
surface  to  facilitate  the  inspection.  The  inspection  criteria  of  3.2.1  nay  be  exaained  at  "high 
aagnif ication"  at  the  aanuf acturer' s  option. 

*  e.  Reinspection,  uhen  inspection  for  product  acceptance  is  conducted  subsequent  to  the 

aanuf acturer' s  inspection,  the  additional  inspection  aay  be  performed  at  any  magnification 
specified  by  the  applicable  test  condition,  unless  a  specific  aagnificstion  is  required  by  the 
acquisition  docuaant.  Uhen  suspected  defects  or  deficiencies  are  noted,  additional  inspection  aay 
be  perforaed  at  aagnifications  needed  to  evaluate  or  resolve  the  suspect  iteas.  when  saapling  is 
used,  60.4  appendix  A  of  HIl-1-38535  shall  apply. 
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f.  Definitions: 

(1)  Active  circuit  area.  All  areas  enclosed  by  the  peri act er  of  functional  circuit  elements, 
operating  aetallization  or  any  connected  combinations  thereof  excluding  beaa  leads. 

(2)  Coupling  lair)  bridge.  A  raised  layer  of  aetallization  used  for  interconnection  that  is 
isolated  froa  the  surface  of  the  element. 

13)  Block  resistor.  A  thin  fila  resistor  which  for  purposes  of  triaaing  is  designed  to  be  auch 
wider  than  would  be  dictated  by  power  density  requireaents  and  shall  be  identified  in  the 
approved  aenuf acturer ‘ s  precap  visual  iapleaentation  docuaent. 

(4)  Channel.  An  area  lying  between  the  drain  and  the  source  of  FET  structures. 

15)  Controlled  environment .  Shall  be  class  1,000,  (see  30.1.1.7  of  appendix  C  of  HIL-I-38535), 
except  that  the  aaxiaua  allowable  relative  humidity  shall  not  exceed  65  percent. 

(6)  Crazing.  The  presence  of  numerous  minute  cracks  in  the  referenced  material,  (e.g., 
glassivation  crazing). 

(7)  Detritus.  Fragments  of  original  or  laser  modified  resistor  aaterial  remaining  in  the  kerf. 

(8)  Dielectric  isolation.  Electrical  isolation  of  one  or  aore  elements  of  a  monolithic 
semiconductor  integrated  circuit  by  surrounding  the  elements  with  an  isolating  barrier  such  as 
semiconductor  oxide. 

(9)  Diffusion  tub.  A  volume  (or  region)  formed  in  a  semiconductor  aaterial  by  a  diffusion  process 
(n-  or  p-  type)  and  isolated  from  the  surrounding  semiconductor  material  by  a  n-p  or  p-n 
junction  or  by  a  dielectric  aaterial  (dielectric  isolation,  coplanar  process,  SOS,  SOI). 

(10)  Foreign  material.  Any  aaterial  that  is  foreign  to  the  microcircuit  or  package,  or  any 
nonforeign  aaterial  that  is  displaced  froa  its  original  or  intended  position  within  the 
microcircuit  package. 
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(22)  Ifcwt  resistor  width.  The  narrowest  portion  of  •  grvwi  resistor  prior  to  tri—ing. 

(25)  Operating  aetallijatian  (conductors).  natal,  or  my  other  wterisl  uaad  far  inter connect ion  except  aetallizod  scribe  > 

lines,  test  patterns,  mcomsctad  fircncnal  circuit  eUaents,  inaad  batting  pads,  and  idartificarioi  nrkings. 

QW  Origint  width.  The  width  diaansien  or  diaanee  that  would  have  teat  pres  ad,  in  the  dance  of  the  observed 
drmlity  (e.g.,  original  natal  width,  original  diffusion  width,  original  boat  width,  etc.). 

(25)  poet.  A  generic  tarn  taad  to  describe  the  bonding  location  on  the  padage.  t 

(26)  Pass ivac ten.  The  silicot  ocide,  nitride  or  other  inaulating  aatarial  that  is  grown  or  deposited  directly  cn  the  die 
prior  to  the  d^ositicn  of  aetal  or  between  aetal  levels  at  ailti  level  devices. 

an  hMsivatxn  step.  An  danpt  change  of  elevation  (level)  of  the  passivation  such  as  a  ocrrtact  window,  or  operating 
aetBUiseicn  crossover. 

GB>  faripharal  aetal.  All  natal  that  lias  i—dietsly  adjaoert  to  or  over  the  scribe  grid. 

09>  Shooting  aatal.  Natal  (e.g.,  aUarirus,  gold)  emulsion  of  various  dnpas  and  lengths  froa  irder  the  wire  band  et 
the  bonding  pad. 

CD)  abstract.  The  exporting  strucnnl  asternal  into  or  ipoi  brich  or  both  the  passivation,  oetaUisrian  and  circuit 
el  in i  arc  placed. 

Of)  Stbatrate  via.  A  noil  hole  funwd  throutfi  the  wafer  ad  aetsllitsd,  casing  electrical  correction  to  be  eade  froa 
the  frontside  (the  side  an  brich  the  circuitry  is  fained)  to  the  backside  of  the  tafer. 

02)  Thidc  fila.  Thst  oonductive/resistive/di electric  systas  that  is  a  fila  having  greater  that  50,dDl  thidnsss. 

03)  Thin  fils.  That  caductive/rasistive/dielectric  systaa  that  is  a  fila  agal  to  or  less  than  50,000*  in  thickness. 

CSW  Via  astslliUcn.  That  Urt«h  ccmscts  the  aetallizBtiat  of  one  laval  to  authar. 

0.  IntarpretKim.  bfaau  herein  to  that  exhibits"  ball  be  anaidferad  satisfied  what  the  visal  iaage  or  visal 
■Ppanrsnce  of  the  darice  infer  ninaricji  indkatas  a  pacific  unfit  hi  i  is  pious*  and  ball  not  require  mifiraetion 
by  my  (bar  netted  of  tasting,  that  other  netfuls  of  test  are  to  be  taaf  far  umfiraing  that  a  reject  coalition  dees 
not  erist,  they  ball  be  apprmad  by  the  acquiring  activity.  For  inspect  ■tans  per  forced  cn  the  rage  of  75X  to  KUC,  the 
criteria  of  0.1  oil  of  pnssivntxn,  separation  or  aetel  cat  be  satisfied  by  a  line  of  separation  or  a  line  of  aetal 
visible. 

h.  Foreigi  eaterial  control.  The  aasjfacturer  ball  perform  at  audit  an  a  weekly  basis  far  (1)  the  presaice  of  fareigi 
•■terial  within  inoeaing  piece  pert  lids  and  bases,  and  (2)  the  preaawe  of  fareigi  uterial  cn  the  die  surface  or  within 
the  padage  of  enabled  puts. 

The  abit  of  aaaaMad  parts  say  be  satisfied  bring  routine  internal  visual  inspection.  If  the  presatoe  of  fareigi 
Mterial  is  discaared,  the  aatifactver  shall  perfara  the  neoasaary  analysis  on  a  Maple  of  the  fareigi  arterial  on  the 
suspect  devices  to  determine  the  more  of  the  mterial.  The  sanufacturer  ball  doouunt  the  results  of  this 
itvartigsfion  and  corrective  action  to  eliminate  the  fareigi  arterial  md  this  infaniun  will  be  avoilible  to  the 
faansrt  OAR,  md  the  acquiring  activity  or  the  qalifying  activity,  at  appliobU.  A  corrective  ecticn  pin  shall  be 
obtained  within  a  aeriaa  of  10  working  days  of  discovery. 

D*  audit  of  inccarwg  piece  part  lids  aid  bases  ball  be  perfaraaJ  before  parts  are  asaofeled,  or  nay  be  satisfied  during 

routine  inning  qality  vapacticri.  If  the  pranve  of  fareigi  eaterial  of  a  si*  1  ail  or  greater  is  discovered,  the 

aaiufaeOrer  will  nlyae  the  fareigi  arterial  to  determine  its  retire  ad  (facusait  the  results  of  the  analysis.  If  . 

sfplicbSle,  these  results  shell  be  distributed  to  the  vector  applying  the  parts,  with  the  request  that  the  vender  * 

dxnt  corrective  setiens  to  anriai*  or  eliainate  such  fareigi  Mterial.  This  infaraafiat  will  be  eveilrtvle  to  the 

eaufacturer,  Saeneert  OAR,  end  the  acquiring  activity  or  qualifying  activity,  as  qpliceMe. 
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MB!f :  The  piece  pvt  audit  raquirato 
activity,  that  i*  always  pvfonwd  ail 
ocntroUad  miixnat  until  they  are 


can  be  replaced  by  a  piece  part  cleaning  process,  aprae)  by  the  ^alifying 
'  prior  to  or  tiring  the  aoaadbly  prrraas  and  these  piece  parts  are  stored  in  i 


the  intent  at  thaaa  procadree  is  to  require  lrvoartgoticr  md  resolution  of  foreiyi  vterial  prcblaa  that  cb  rot  have 
m  effective  scrasring  or  detection  aethcdolca'  but  that  could  came  dsgradatiai  and  eventual  failure  of  the  device 
fmcticn.  fbpetitive  findings  without  Obvious  i^roMoatts  retire  escalation  to  Director  of  tarufacturing  and  Director 
of  Oality  iauraci  to  conrtrue  proraaiing. 


Gottitiai  A 
Class  s 


Carditiai  B 
Class  B 


3.1  High  paarr  insoecticn.  Internal  viMl  tfinetxr  as  reqsirod  in  3.1.1  thrajgi  3.1.3  shall  be  conducted  on  each 
aicracircuit.  In  addition,  the  applicsble  criteria  containai  in  3.1.4  throu^i  3.1.7  shall  be  used  for  the  qppropriate 
Microcircuit  ares  where  glaasivaticn,  dielectric  isolation  or  fila  resistors  are  used. 

*  NOTE:  Uiless  otherwise  specified,  for  flip  chip  product  the  criteria  of  3.1  shall  mply  only  to  ttp  circuit  side  inspection. 
After  die  sorting,  only  criteria  in  3.1.3i  shall  dply. 


The  hitfi  aerification  The  hi£i  Bonification 

inspection  shell  be  within  the  inspection  shall  be  within  the 

mrgg  at  KXX  to  2QCX.  range  at  7SX  to  15CK. 

tar  hi^i  amplification  inspection  of  GaAs  aicrowave  devices,  see  table  I  herein.  Also,  for  <  1  aicnon  features,  the 
sarsifacturer  eey  uplaaait  a  sample  inspect vn  plan  Uridi  shall  be  dooaentad  in  the  Mnufacturer's  internal  procedure  and 
approved  by  the  epalifying  activity. 

3.1.1  WetaUiation  defacts,  to  device  ehall  be  ecceiatote  that  adritoits  the  following  defects  in  the  operating  octal  lizeticn. 


3.1 .1.1  Netellisetioi  scratches: 

*.  Screech  in  the  eetelliacicn  ssccluding 
bending  pads  snd  been  leads  that  leaves 
less  then  SO  percent  of  the  original 
octal  width  uatistiatad  (see  figure 
2D10-4). 


e.  Scratch  in  the  eetallixetiai,  excluding  batting 
pads  and  beas  leads,  that  epoas  ptkrlying 
passivation  enyUara  along  its  length  and  leaves 
leas  that  50  percent  of  the  original  eetal  width 
indi  started  (see  figure  2D10-5). 


NOTE:  tar  GaAs  aicrowave  devices,  scrertctas  in  the  ^te  stripe  or  gate  insertion  aetallizotioi. 


~xn 


Accept:  Scratch  vrtere  the 
recoining  undisturbed  anal 
width  00  is  greeter  then  d/2 
(SO  percent). 


Reject:  Scratch  Uere  the 
ranining  irdisrurtad  eetal 
width  00  is  less  dan  d/2 
(SO  percent). 


FIGURE  2D10-4.  Hetalliatticn  scratdi 
criteria  for  c*s««  s 


METHOD  2010. 10 
27  July  1990 


257 


NIL-STD-8S3D 


Condition  A 
Clan  S 


Condition  B 
Class  B 


FIGURE  2TKW.  W5  scratch  criteria  -  Cent  trued. 


c.  Scratch  in  ailti layered  aetalliatian,  occluding 
bonding  pads  and  baa  leads  that  egxaas 
undsrl/ing  aetal  or  peasivaticn  aiyvhere 
along  its  length  oil  leaves  less  than  75 
pereatc  of  the  original  aetal  width 
irdisOrbad  (see  figure  2710-73. 


c.  Scratch  in  ail ti layered  aetalliatian,  occluding 
bond  pads  and  bean  leads  that  exposes  the 
irrier lying  aetal  anywhere  along  its  Iwgth 
and  Isaacs  less  then  25  percent  of  the  original 
aetal  width  inhsnebad  (see  figure  2710-8). 


—  X— Igfl 

-xi 


l 


For  ilti  layered  aetal  products  only 

Accept:  Scratch  closing  mderlying  aetal  . 
or  passivation  where  the  reasining 
mdisturbad  aetal  width  00  is  greater 
than  3/4  d  (75  percent). 

Reject:  Scratch  erasing  underlying  aetal 
or  passivation  there  the  r—ining  urJisnrbed 
irdisarbad  aetal  width  00  is  leas  dan 
3/4  d  (75  percent). 


FIGURE  3X0-7.  Scratch  criteria  for  class  S. 
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Condition  A 
Claes  S 


Ccnditioi  B 
Class  B 


Aco^Tt:  Scretdi  abasing  inderlying 
eetsl  Uiere  the  nessimng  undisturbed 
aetal  width  00  is  greater  dan  d/4 
(25  pertrat). 

thderlyirg 
Metal  MOTE: 

d  =  Original  aetal  width 
x  *  chdisurbed  aetal  width 

Reject:  Scratch  exposing  inter  lying 
weal  there  the  rewining  indisturbed 
aetal  width  00  is  less  than  d/4 
(25  peroraO. 


FIGURE  2010-6  Scratch  criteria  far  cleat  8. 


NOTE:  For  cmditicn  B  only.  Criteria  3.1.1.1a,  b, 
nd  c  art  be  excluded  for  peripheral  power  or  grand 
aetalliZBtxn  there  parallel  paths  exist  such  that 
at  apai  at  the  scratch  would  rat  cause  an  utintmfcd 
isoiatioi  of  the  aetallizetiai  path. 


Scratch  in  the  aet 
step  irdisttrtad. 


■llizetion  ever  a  passivation  step  that  leaves  less  then  75  percent  of  the  origiral  aetal  width  at  the 


NOTE:  for  condi rial  B  only.  Criteria  3.1.1.1a,  b, 
c,  ad  d  era  be  ecc  luted  for  the  last  25  percrat  of 
the  linaer  length  of  the  contact  out  rad  all  aetal 
bejerri,  on  the  termination  endCs)  of  the 
eetalliaticn  ore.  in  thaw  cases  there  shall  be 
at  least  SO  perirat  of  the  onntact  opraing  area 
cowered  by  aetallizstioi  and  at  least  a  contirwus 
40  percent  of  the  contact  cpming  periaeter  covered 
by  indisturbed  aetallitaticn  (sw  figure  2010-9). 
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CcnrtitiCTi  A 
Claas  S 


Ctrshtun  8 
Claes  B 


4 


accept-scratch  at  tip  of 

CONTACT  AREA  WHICH  IS 
WITHIN  X/4  FROM  THE  END 

LOCATION  OF  TERMINATION  END 


REJECT. SCRATCH  AT  TIP  OF  CONTAC 
AREA  WHICH  IS  GREATER  THAN 
X/4.  FROM  THE  END 


FIGURE  2710-9.  Terfriigticn  Bids. 


c.  Sent*  in  the  aetaUiacien,  ever  the 
gate  wide  (applicable  to  «S  structures 
only)  (Me  figure  2710-10). 


e.  Sent*  in  the  Mtallizeticn,  ever  the 
gerte  emde,  that  expose s  underlying 
passivation  and  leaves  less  then  50  percent 
erf  the  length  or  width  of  the  aetaUiaticn 
between  source  rti  drain  diffusion  undisturbed 
(^pliable  to  KB  structures  only)  (see  figre 
2710-11). 


i 
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Condition  A  Condition  B 

Class  S  Class  B 

fc 


f 


the  gate  aDOde. 

FIGURE  2010-10.  BBS  scratch  criteria  far  class  S. 
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Condition  A 

Claes  s 

1.  Scratch  in  the  aetsUiaticn  that 
to  air  brtaa.) 


Condition  B 
CUM  B 

the  dielectric  Material  of  a  thin  fila  apacitcr  or  crossover.  (Mat  aoplioable 


g.  Scratch  in  the  baiting  pad  or  fillet  area  that 
nadioos  the  aatalliaaticn  path  width  eonecting 
the  bad  to  the  inter ca reeling  ■etallizstiai 
to  loaa  that  SO  paint  of  the  narrowest 
altering  wberaanect  aetalliaticn  stripe 
width.  If  two  or  ore  stripes  enter  a  bonding 
pad,  each  shall  be  ccraidenad  separately. 


g.  Scratch  in  the  boding  pad  or  fillet  area  trot 
atgoaei  underlying  passivation  or  abstrste 
ad  nodjees  the  aetallizaticn  path  width 
cumtinj  the  bond  to  the  irttercorecting 
atalliatian  to  less  then  SO  percent  of  the 
narrowest  entering  inte.uxrnect  setalliarrcn 
stripe  width.  If  two  or  core  stripes  enter 
a  bonding  pad,  eadi  nil  be  considered 


h.  Scratch(es)  (probe  arfc(s),  etc.)  in  the  boding  pad  area  that  exposes  ltd 
less  dan  75  parent  of  the  erglassivoted  aetalliaticn  area  undisturbed. 

i.  For  Gate  devices  only,  any  tear  in  the  air  bridge  aetalliaticn. 


elder  lying  passivation  or  $U»trate  end  leaves 


j.  For  Gate  divicas  only,  any  towering  of  the  air  bridge  arch  over  active  aetalliaticn  due  to  aedwrical 
scratdi). 


(e.g.,  a 


3. 1.1. 2  Metallization  voids; 

a.  VoicKs)  in  the  aetalliatien  that  leaves  less  that 
75  percent  of  the  original  areal  width  undisturbed 
(aae  figre  2010-12). 


a.  VoicKs)  in  the  aetalliaticn  that  leaves  less  than 
SO  percent  of  the  original  acral  width  undisturbed 
(see  figre  2010-13). 


fcxgt:  Void  egosing  underlying  aetal 

or  passivation  dene  the  naairring 

*  ft* 

undisturbed  atal  width  00  is  greater 

YffA 

then  3/4  d  (75  percent). 

y 

Reject:  Void  exposing  underlying  aetal 

•»— d— 

_ _ ,  or  paesivaticn  where  the  roaming 

undisturbed  aetal  width  (X)  is  less 

mi 

that  3/4  d  (75  percent).  _ 

Accept:  Vbid  exposing  uder  lying  eetal 
■  i here  the  renaming  undisturbed  eetal 
width  00  is  greater  then  d/2 
(50  percoit). 


underlying  NOTE: 

Metal  or  d  =  Original  aetal  width 

Passivation  X  =  Undisturbed  octal 

width 


Reject:  Void  closing  underlying  aetal 
width  the  mining  undisturbed  serai 
width  (X)  is  less  than  d/2  (50  percent). 


FIELRE  2010-12.  Void  criteria  for  class  S. 


FIGURE  2010-13.  Void  criteria  for  class  3. 


tOIE:  For  condition  B  only.  Criteria  can  be  occluded  for 
peripheral  power  or  grand  aetalliaticn  there  parallel 
peths  exist  so  that  an  opoi  at  the  void(s)  would  not  cause 
at  unintarisd  isolation  of  the  aetalliarion  path. 
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Condition  A  Condition  6 

Class  S  Class  B 

b.  Vbidts)  in  the  aetallizatien  oner  a  passivation  step  that  leaves  less  than  75  percent  of  the  original  artel  width  at  the  i 

step  undisturbed. 

N3TE:  For  ccnditicn  B  only.  Criteria  of  3.1.1  .2b  and  b 

can  be  w.lirinri  for  the  last  25  percent  of  the  linear 

length  of  the  umlaut  cut  and  all  artel  beyond  oi  the 

terai notion  «d(s)  of  aetallizatien  runs.  In  these  cases  ' 

there  shall  be  at  least  SO  percent  of  the  contact  opening 

periaeter  covered  by  undisturbed  aetallizatien  (see  figure 

2010-14). 


FIGUE  2010-14.  Taaiiotion  ends. 

c.  VoicKs)  in  the  aetallizatien  over  the  gete  oride  that  leaves  less  than  75  percent  of  the  aetallizatien  length  (l)  or  t 

width  (U)  between  souxe  and  drain  diffusions  undisturbed  explicable  tn  FCS  structures  only)  (see  figre  2010-15). 
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Condi tiai  A  caditicn  B 

ClM  S  Class  B 

d.  VoidCs)  dot  Im  leu  flw  75  percent  of  da  d.  WncKs)  dot  leave  less  dan  £0  percatt  of  da 

eecellizaclai  eras  ear  da  gate  acide  irditurbed  ■etsUiarkr  ere*  ever  tJa  prte  onde  undisturbed 

(appliabU  to  PCS  structure*  oily).  (applicable  to  K£  structures  oily). 

e.  itoidCs)  dot  leave*  1ms  don  75  percatt  of  da  Metallization  width  coincxtart  with  da  sexrce  or  Oain  diffusion 
junction  lino  undistutad  (aplicsble  to  PCS  struedres  only)  (see  figse  2310-15). 


dan  3/A  U  (75  percent). 

FIGURE  2010*15.  PCS  void  criteria. 

f.  Void(s)  in  the  bonding  pod  ares  dot  leaves  less  thm  75  percent  of  its  original  irglassivated  netallizartian  sree 
^disturbed  (see  figure  2010-16). 


g.  WoieKs)  in  the  bondim  ped  or  fillet  area  dot  reduces  g.  Void(s)  in  the  berdir^  pad  or  fillet  area  dot 

the  eetalliaitKn  path  width  eomeering  the  bond  to  reduces  the  eatelliasticr  peth  width  oomectirg 

the  interconnecting  aetallizsnai  to  less  dwi  75  the  bod  to  the  irrterccmectirg  metallization 

percait  of  da  rams  art  aiterirg  Metallization  stripe  to  less  don  50  percgit  of  the  narrowest  entering 

P  width.  If  tie  or  acre  stripes  enter  a  bonding  pad.  Metallization  stripe  widdi.  If  two  or  ore 

aoch  shall  be  considered  sooracely.  (see  figr-e  stripes  alter  a  boding  pad,  each  shall  be 

2010-16).  considered  separately  (see  figoe  2010-16). 
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ICTCO  2D11.7 

BOO  STRBGTH  (OBTItjCTIVE  BO©  BULL  TEST) 


1.  gfiSS*  F“T»e*  of  this  test  is  to  eeeare  bend  stfwgths,  ewaUabe  bond  strength  distribution*,  or  determine 
ec©>ttance  with  apKifirt  bond  strwgth  rapri  resits  of  ths  ©plie*U  eaprisiticn  donut.  This  test  my  be  ©plied  to  the 
wira-to-die  bond,  wira-to-eubetrate  tend,  or  ths  wire-to-peeUge  load  bmd  inside  the  package  of  vine-onrected  microelectronic 
dances  bonds!  by  soldering,  tharaonpraaeicn,  uLtreaoiic,  or  relaMd  taderiqjss.  It  my  also  be  applied  to  bonds  erternat  to 
the  davioe  suds  as  those  froa  device  termwaU-to-sLhstrate  or  wiring  board  or  to  internal  bmds  between  die  and  mtetrate  in 
norv-wi re-boded  dahoe  eonfigntiaw  such  as  bmm  lead  or  flip  chip  dances. 

2.  jgaWTUS-  the  ©paratua  for  this  teat  Sail  consist  of  ah  able  aiiipasnt  for  ©plying  the  specified  stress  to  the  band, 
lead  wire  or  terminal  as  rash  red  in  the  ©eeif  ied  test  cottirkn.  a  calibrated  aaauresant  and  indieetiai  of  ttw  allied  stress 
in  Tees  force  <gf)  shell  be  pnvidsd  by  etripaanr  capita  of  ■eas-ing  streaaaa  c©  to  twice  the  specified  amtaue  lieit  value, 
with  ai  aooiay  of  s5  percit  or  sO.g  gf,  Uridmver  is  the  yaetu  tolarana. 

3.  Hkk'HkWK.  The  tart  shall  be  aenduetad  iming  the  tart  coshtion  spaeffiad  in  the  ©pi liable  accprisiticn  document  eonsistit 
with  the  particular  dwioe  ocnrtructxn.  All  bond  pulls  ball  be  eomtad  and  tha  specified  sapling,  acceptance,  art  added  saple 
previsions  shall  be  observed,  as  applicable.  Ihlaas  otharwiae  specified,  for  conditions  A,  C,  art  0,  the  Lin  pacified  lor  the 
bond  strength  taet  shall  drteraine  the  einusa  a*©le  site  in  tana  of  the  etrriaa  ruber  of  bond  pulls  to  be  aeoapliahad  rather 
than  tha  nrtar  of  oopplcte  devices  in  the  aapta,  wrapt  that  tha  ragsirad  ruber  of  tort  pulls  shall  be  randarty  selected  fna  a 
ainiaa  of  4  dances.  Bond  pulls  in  sceonthnce  with  tart  cenditiura  0,  F,  6,  and  M,  virile  involving  two  or  aora  bonds  ball  ocunt 
as  a  single  pull  for  bond  stiayth  and  LTPP  purposes.  (Maas  otharwiae  specified,  for  conditim  F,  G,  art  H  the  lTTO  specified 
shall  drteratne  the  ruber  of  die  to  be  tested  (not  bards).  For  hjbrid  or  aultidrip  devices  (all  conditions),  a  ainiaa  of  4  die 
or  uea  all  die  if  four  are  not  available  on  a  ainiaa  of  2  caapletsd  devices  ball  be  und.  Where  there  is  ary  adasive, 
enoapaulant  or  other  aaterial  urter,  on  or  surraarting  the  die  such  as  to  inrraaaa  the  apparent  bad  strength,  the  bond  strength 
tart  shall  be  perfumed  prior  to  application. 

ICiai  flip  chip  or  beam-lead  drips  are  bonded  to  abatrotaa  other  that  thou  in  eo©letad  devices,  the  fol taring  eartitiens  shell 
dPPly: 

a.  The  *e©>le  of  drips  for  this  test  shall  be  taken  at  radge  froa  the  mm  chip  population  as  that  used  in  the  oo©>latad 
devices  that  they  are  intended  to  r  present. 

b.  The  chips  for  this  test  shall  be  bended  on  tha  seas  hading  appmratu*  as  tha  copriatad  devices,  (bring  the  rise  period 
within  which  the  coanlcted  devices  or*  banded. 

c.  The  test  drip  sUst rates  shall  be  processed,  eetallized,  art  handled  identically  with  the  capitated  device  abstrates, 
daring  the  seae  tiee  period  within  tirich  the  oaptlctad  device  sebstretas  are  processed. 

3.1  Test  partitions: 

3-1-1  Teat  Partition  A  -  Bart  peel.  This  test  is  normally  aaployed  for  bonds  arterial  to  the  device  package.  The  lead  or 
terainal  art  the  device  package  shall  be  gripped  or  cUapad  in  such  a  earner  that  a  peeling  stress  is  exerted  with  the  specified 
angle  betweei  the  lead  or  terainal  art  the  board  or  substrate.  Unless  otherwise  specified,  an  angle  of  90  degrees  shall  be  used. 
Uhai  a  failure  occurs,  the  force  caaing  the  failure  art  the  failure  ertagory  shall  be  records!. 

3-1.2  Test  cuditiai  C  -  Hire  pill  (sirole  bent).  This  test  is  norully  aploymd  for  internal,  bands  «  the  die  or  substrate 
art  the  lead  fraae  of  mieroelect-anic  devices.  The  wire  correcting  the  die  or  sibstrate  shall  be  cut  »  as  to  provide  two  arts 
accessible  for  pill  test.  In  the  case  of  short  wire  runs,  it  say  be  necessary  to  cut  the  wire  claee  to  one  teieu alien  in  order 
to  alio*  pull  test  at  the  epposite  terainat iw.  The  wire  shall  be  gripped  in  a  suitable  device  and  sisple  pulling  actiai  applied 
to  the  wire  or  to  the  device  (with  the  wire  clasped)  in  sutfi  a  earner  that  the  force  is  ©plied  approxiutely  ncreal  to  the 
awfece  of  the  die  or  abstrate.  tfmn  a  failure  occurs,  the  force  cuing  the  failire  and  the  failure  category  shall  be  recorded. 
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3.1.3  Test  conditioi  D  -  dire  cull  (drble  bond).  This  praeadre  is  identical  to  that  of  test  caditicn  C,  exopt  Wat  We 
pull  is  sppliet I  by  inserting  a  hack  udar  tt*  lead  wine  (attached  to  die,  aiatrwte  or  header  or  both  eds)  with  We  device 

c leaped  aid  We  pulling  force  ^pliad  approriaately  in  We  canter  of  We  wire  in  a  direction  appro  wately  noraal  to  We  die  or 
aWetrate  arfaee  or  apprariteiy  noraal  to  a  string  it  line  batten  We  bonds.  Wm  a  failure  occurs,  We  force  causing  We 
i  failure  and  We  failure  category  Wall  be  recorded.  The  eini—  bond  strwgW  Wall  be  tafean  fnaa  table  I.  Figure  2011-1  aay  be 

uead  for  wire  dinners  not  spec Wad  in  tdbla  I.  For  wire  diaeter  or  scprivelert  cross  sactiai  XJ.QDB  indi,  there  a  hook  will 
not  fit  udar  We  wire,  a  suitdsle  claw  can  be  uead  in  lieu  of  a  hook. 

3.1.4  Teat  ccnhticn  F  -  Bad  War  (flic  drip).  Thie  tast  is  noraally  eaployed  for  internal  bods  between  a  aaei conductor  die 

.  and  a  aide trate  to  WiW  it  is  attachsd  in  a  fane  bondarl  corfigretien.  It  ay  also  be  uead  to  test  We  bods  betwaai  a  aWetrate 

▼  and  ai  intaraadiata  carrier  or  aaoorday  substrata  to  whiW  We  die  is  aourtad.  A  auitdble  tool  or  wadge  Wall  be  brouf  fir  in 

ucntact  wrW  We  die  (or  carrier)  at  a  point  just  dee  We  priaary  substrate  ad  a  force  applied  parpedi  outer  to  aw  edge  of  the 
die  (or  arrier)  ad  parallel  to  We  prinry  sdgstrate,  to  caaa  bod  failure  by  Wear,  dan  a  failure  occurs.  We  force  at  We 
tiae  of  failure,  ad  We  failure  cataggry  Wall  be  reoordad. 

3.1.5  Teat  ccrahtjcn  6  -  FuW-off  teat  (base  lead).  This  teat  is  noraal. ly  eaployed  for  precast  control  and  is  uasd  an  a  anple 
of  aaaioorductrx  die  boded  to  a  facially  prepared  aberrate.  Therefore,  it  carrot  be  uaad  for  radoa  aaapling  of  product xn  or 
inspection  Iota.  A  aatallizad  substrate  containing  a  hole  Wall  be  optoyad.  The  hole  appropriately  cantered,  shall  be 
sufficiently  large  to  provide  clearance  for  a  pudi  tool,  but  not  large  cnou^i  to  interfere  wiW  the  bonding  areas.  The  puah  tool 
Wall  be  sufficiently  large  to  sariaia  dovioe  cracking  Wring  tasting,  but  not  large  eoj^i  to  contact  We  baa  leads  in  the 
axfnr  bond  eras.  Proceed  wiW  puah-off  teats  a  follows:  The  abet  rate  Wall  be  rigidly  held  and  the  puW  tool  inserted  throuW 
the  hole.  The  ocntact  of  the  puah  tool  to  We  silicon  donee  Wall  be  aade  without  appreciable  iapact  (lea  ttwi  0.01  inch/ainute 
((1254  aWainute  )  and  forced  qpimt  Wa  urders ide  of  We  boded  Wince  at  a  constait  rate.  Uhot  failure  occurs.  We  fora  at 
the  tiaa  of  failure,  ad  We  failure  calory  shall  be  raaordad. 

3.1.6  Tat  condition  H  -  Pull-aff  tat  (baa  lead).  This  teat  is  noraally  alloyed  a  a  saaple  bais  a  baa  lead  devices 
Wich  Im  beat  bonded  dun  a  a  oaraaic  or  other  arroble  substrate.  The  calibrated  pull-off  apparatus  (see  2)  Wall  include  a 
pull-off  rod  (for  instance,  a  arrant  loop  of  niWrcae  or  fewer  wire)  to  adoe  ccmectiui  with  a  hard  setting  aWaive  aaterial 
(for  inetanoe,  heat  aanairha  polyvinyt  acetate  rain  glue)  a  We  bade  (top  side)  of  We  baa  lead  die.  The  substrate  shell  be 
rigidly  installed  in  the  pull-off  fixture  and  We  pull-off  rad  Wall  sake  fine  aedarrical  connect  ion  to  the  uuvsive  aaterial. 

The  daviae  Wall  be  pulled  within  S  dagraa  of  We  noraal  to  at  least  the  calculated  force  (aa  3.2),  or  until  the  die  is  at  2.54 

m  (0.10  inch)  One  the  aubstrate.  than  a  failure  occurs.  We  force  at  the  tiae  of  failure.  We  calculated  force  liait,  ad  We 

feilire  cataggry  Wall  be  recorded. 

3.2  Failure  criteria.  Ary  bond  pull  With  results  in  sapsraticn  mler  m  oplied  stress  las  than  that  indicated  in  table  I  a 
We  ragiirad  arimeua  bod  atrwgth  for  We  indicated  test  eoditien,  aapoaitian,  end  construction  shall  constitute  a  failure. 

3.2.1  failure  oataoorv.  Failure  categoria  are  a  follows:  Uhan  specified,  the  stress  required  to  achieve  separation  and  We 
cataggry  of  separation  or  failure  shall  be  recorded. 

a.  For  internal  wire  bonds: 

dire  break  at  nedacbui  point  (redjetiai  of  cron  section  due  to  t-rding  process) : 
dire  break  at  point  other  than  neckdoun. 

Failure  in  bod  (interface  betweoi  wire  and  artalliariai)  at  die. 

Failure  in  bod  (interface  betian  wire  and  ntalliaticn)  at  substrate,  partcaje  post,  or  other  than  die. 

lifted  aetalliation  froa  die. 

Lifted  aetelligetioi  froa  substrate  or  package  post. 

Fracture  of  die. 

Fracture  of  substrate. 


(»-1) 

0*2) 

C*-3) 

(a-4) 

(a-5) 

(a-6) 

(*-7> 

(*■«> 
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b.  For  eetemel  bonds  connecting  device  to  wiring  board  or  aisstrete: 

Cb-1)  Lead  or  terairaL  break  art  defornsticn  point  (weld  effected  region). 

Cb-23  Lead  or  terairaL  break  at  point  not  affected  by  banding  process. 

(b-3)  FaiUre  in  bond  interface  (in  solder  or  at  point  of  weld  interface  between  Lead  or  terairaL  ai d  the  board  or 
substrate  emductcr  to  Uiich  the  bond  was  aede). 

(b-4)  Conductor  lifted  froa  board  or  a^stratc. 

(b-5)  Fracture  within  board  or  sLbstrate. 

c.  for  flip-dvip  configuraticrs: 

(c-1)  Failure  in  the  bond  wrterial  or  pedestal,  if  appliafcle. 

(e-2)  Fracture  of  die  (or  earner)  or  substrate  (renovel  of  portion  of  die  or  substrate  iaradietely  under  the  tend). 

(c-3)  Lifted  aetaUizaticn  (separation  of  aetallizatian  or  bathiq  pedestal  froa  die  (or  carrier)  or  sPstrete 

d.  For  baas  lead  devices: 

(d-1)  Silicon  broken. 

(d-2)  Baas  lifting  on  silicon. 

(d-3)  Bssa  broken  at  bond. 

(d~4)  Basa  farafcai  at  edge  of  silicon. 

(d-5)  Baas  broken  betueoi  bond  end  edge  erf  silicon. 

(d-6)  Bond  lifted. 

(d-7)  Lifted  aetaUizaticn  (separation  erf  aetallizatiai)  free  die,  stperaticn  of  tending  pad. 

(d-8)  Lifted  aetellieetien. 

(OlE:  RF/aicrounve  t^farids  that  require  wtranely  flat  loops  drieh  aey  cause  erroneous  wire  pull  data  aay  use  the  following 
formils  to  detersrine  the  peeper  wire  pull  value. 

V1  =  Vj  sin  0 

Where:  V1  =  Hew  value  to  pull  test. 

V2  *  Tdble  I  value  for  size  wire  tested. 

6  *  Greatest  calculated  wire  Locp  wgle  (figzre  2011-2). 

Also,  RF/arianave  hybrids  that  contain  wires  that  carrot  be  acowtsed  with  s  pull  hook  sst  be  dpliosted  an  e  test  aspen  in 
sudi  a  way  to  allow  hook  access  for  purposes  of  pull  testing,  these  wires  are  to  be  bended  at  the  sane  tine  the  production 
hybrids  are  banded  using  the  sene  senp,  operator,  and  schedule.  The  test  nogm  wines  are  to  be  pull  tested  in  lieu  of  the 
tuning  or  inaccessible  wires  on  the  production  hybrid.  Failures  cn  the  test  aspen  shall  be  considered  as  failures  to 
proderkn  suits  art  pprepriate  action  is  to  be  tafcoi  in  acme dance  with  the  pplicable  specif  icatioi  (figure  2011-3). 
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TABLE  I.  Minion  bond  strength. 


i  |  Wire  | 

1 

Niniaai  bond  strereth  (arms  force)  ! 

|  Test  |  eopoeitioi  jconstruericn 

jootditien  j  ad  dieaeter  j  2J 

1  1  1/  1 

1  1  1 

1  1 

Pre  aul  |  Mast  sssl  ad  aiy  other  | 

j  pmnmting  «d  screening  | 

1  dan  applicable  ! 

1  1  1 

1  1  1 

1  1  1 

1  1 

Givwt  in  |  Given  in  ^pliable  | 

^pliable  |  doaamt  j 

1  1  1 

|  C  or  0  |  AL  0.0007  in  |  Wire 

1  1  AU  0.0007  in  1 

1  1 

1.5  |  1.0  1 

2.0  1  1.5  1 

1  1  1 

|  C  or  0  |  AL  O.dJTO  in  |  Wire 

1  i  AU  0.0010  in  1 

1  1 
2.5  |  1.5  1 

3.0  1  2.5  1 

1  1  1 

|  C  or  0  |  AL  0.00125  in  |  Wire 

1  AU  0.00125  in  1 

1 

Sob  bad  strength  liaits 

as  the  0.0013  in  wire  1 

i  1  1 

|  C  or  0  |  AL  0.0013  in  |  Wire 

i  1  AU  0.0013  in  1 

1  1 
3.0  |  2.0  | 

4.0  1  3.0  i 

1  1  1 

|  C  or  0  |  AL  0.0015  in  |  Wire 

1  AU  0.0015  in  1 

!  1 

4.0  |  2.5  | 

5.0  1  4.0  1 

1  1  1 

|  C  or  0  |  AL  Q-Cxno  in  |  Wire 

I  1  AU  0.0090  in  1 

1  1 

12.0  |  8.0  | 

15.0  1  12.0 

|  F  I  Any  |  Flip-clip 

1  1  1 

1 

5  yoo-foreex  | 

ruber  of  bonds  (faun) 

1  1  1 

1  GorH  |  Any  |  Bean  teed 

1  1  1 

1  1  1 

J _ 1 _ 1 _ 

1 

linaar  ailliaeter  of  neainal  u defused  | 
(before  bonding)  baa  width.  3/  | 

_  1 

1/  Far  wire  diaatttrs  not  specified,  use  the  awe  of  figure  2311-1  to  determine 
the  bad  pull  l wit. 

2 /  Far  ribbon  wire,  use  the  equivalent  round  wire  dieaeter  which  gives  the  sue 
cross-seen  cm  L  area  as  the  ribbon  wire  being  tested. 

3/  Far  condition  G  or  H,  the  bad  strength  dal  l  be  deteraiiad  by  dividing  the 
bredcing  force  by  the  total  of  the  rtaairal  baas  widths  before  boding. 

4.  aiWWr.  The  following  details  stall  be  specified  in  the  applicable  aoquisitiai  docuertt: 

a.  Test  conditio)  letter  (see  3). 

b.  Nmiaa  bend  strogth  if  other  then  specified  in  3.2  or  details  of  required  strwgth  distributions  if  applicable. 

c.  LIFO  or  ruder  sd  selection  of  bond  pulls  to  be  tested  an  each  device,  «d  ruber  of  donees,  if  other  than  4. 

d.  For  test  condition  A,  angle  of  bod  peel  if  other  that  90°,  ad  bond  strand i  lierit  (see  3.2). 

e.  Beqrirnart  for  rotating  of  s^eratioi  forces  and  failure  categories,  then  appliedtle  (see  3.2.1). 

METHOD  2311.7 
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N01E:  The  vinim*  band  strength  should  be  taken  fro*  table  I.  Figure  2011-1 
■V  **  'for  wire  diweiu  i  rot  specified  in  table  I. 

FSUE  2011-1.  Winieui  bend  oull  l-ieita. 
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FIGURE  2011-2.  ui—  i«np  -rate. 
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«TtCD  2DT6 

pwrsicAL  DueenNS 

*  1*  BBSS-  T**  FulnM  of  Ibis  Mill  at  Sen  is  to  verify  that  the  external  physical  disar aims  of  da  device  are  in  acoonhree 
with  the  epplirabU  aapiisiticii  tnaaiT. 

*  2.  tmUKtm.  H  ni|  hi  wah  in  this  atiiatiai  ahaU  include  eicreaeters,  calipers,  ^uges,  contour  projectors,  or  other 
— ring  aquipawt  capable  of  detaretnir^j  the  actual  dance  diwnsicns  specified  in  the  appliwMe  aoqrisitian  dan  sent. 

3.  MOCSUC.  UhUas  othoviae  pacified,  the  physical  dianicna  on  the  ceee  outline  draring  dal l  be  eaeeured 

3.1  failure  criteria,  ay  dance  dtich  ahvibits  a  diaansien  or  diaensiens  outside  the  specified  tolerances  or  lieits  dell 
cowtitute  a  failure. 

*  l-  5BBEL-  "'I*  following  detail  dell  be  specified  in  the  ^plicable  acquisition  doaaant: 

Bctamal  dmeuiens  ihich  are  capable  of  physically  describing  the  device  Ceee  3).  Diaaraicns  to  be  considered  dell  include 
cbm  outline  dianram;  special  lead  shapes  (e.g.,  required  bend  poeiticne,  angles  of  baid),  there  ^pliable;  dieenskm  of 
my  projecting  or  irate  dai  feoneee  wad  for  lading  of  lead  arrsngawit,  autoeatic  handling  and  sari  bar  pxrpoee;  and  ay 
other  eifiaaai  iui  thndt  affects  the  install  ad  size  or  orioitaticn  of  the  dn/ioe  in  iual  applications. 
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METHOD  2019. 5 


DIE  SHEAR  STRENGTH 

1.  PURPOSE.  The  purpose  of  this  test  is  to  determine  the  integrity  of  Materials  and  procedures  used  to 
attach  semiconductor  die  or  surface  Mounted  passive  eleaants  to  package  headers  or  other  substrates.  This 
deterai nation  is  based  on  a  Measure  of  force  applied  to  the  die,  the  type  of  failure  resulting  frea  this 
application  of  force  (if  failure  occurs)  and  the  visual  appearance  of  the  residual  die  attach  aedia  and 
substrate/header  Metallization. 

2.  APPARATUS.  The  test  equipaent  shall  consist  of  a  load-applying  instruaent  with  an  accuracy  of  *5 
percent  of  full  scale  or  SO  graas,  whichever  is  the  greater  tolerance.  A  circular  dynaaoaeter  with  a  lever 
era  or  a  linear  Motion  force-  applying  instruaent  aay  be  used  to  apply  the  force  required  for  testing.  The 
test  equipaent  shall  have  the  following  capabilities: 

a.  A  die  contact  tool  which  applies  a  unifora  distribution  of  the  force  to  an  edge  of  the  die  (see 
figure  2019-1). 

b.  Provisions  to  assure  that  the  die  contact  tool  is  perpendicular  to  the  die  counting  plane  of  the 
header  or  substrate. 

c.  A  rotational  capability,  relative  to  the  header/substrate  holding  fixture  and  the  die  contact  tool, 
to  facilitate  line  contact  on  the  edge  of  the  die;  i.e.,  the  tool  applying  the  force  to  the  die 
shall  contact  the  die  edge  froa  end-to-end  (see  figure  2019-2). 

d.  A  binocular  Microscope  with  Magnification  capabilities  of  10X  ainiaua  and  lighting  which 
facilitates  visual  observation  of  the  die  and  die  contact  tool  interface  during  testing. 

3.  PROCEDURE.  The  test  shall  be  conducted,  as  defined  herein,  or  to  the  test  conditions  specified  in  the 
applicable  specific  acquisition  docuaent  consistent  with  the  particular  part  construction.  All  die  strength 
tests  shall  be  counted  and  the  specific  saapling,  acceptance,  and  added  saaple  provisions  shall  be  observed, 
as  applicable. 

3.1  Shear  strength.  A  force  sufficient  to  shear  the  die  froa  its  mounting  or  equal  to  twice  the  ainiaua 
specified  shear  strength  (figure  2019-4),  whichever  occurs  first,  shall  be  applied  to  the  die  using  the 
apparatus  of  2  above. 

a.  When  a  linear  motion  force-applying  instruaent  is  used,  the  direction  of  the  applied  force  shall  be 
parallel  with  the  plane  of  the  header  or  substrate  and  perpendicular  to  the  die  being  tested. 

b.  When  a  circular  dynaaoaeter  with  a  lever  arm  is  employed  to  apply  the  force  required  for  testing, 
it  shall  be  pivoted  about  the  lever  are  axis  and  the  action  shall  be  parallel  with  the  plane  of  the 
header  or  substrate  and  perpendicular  to  the  edge  of  the  die  being  tested.  The  contact  tooling 
attached  to  the  lever  ara  shall  be  at  a  proper  distance  to  assure  an  accurate  value  of  applied 
force. 

c.  The  die  contact  tool  shall  load  against  an  edge  of  the  die  which  aost  closely  approx mates  a  90* 
angle  with  the  base  of  the  header  or  substrate  to  which  it  is  bonded  (see  figure  2019-3). 

d.  After  initial  contact  with  the  die  edge  and  during  the  application  of  force,  the  relative  position 
of'  the  contact  tool  shall  not  aove  vertically  such  that  contact  is  eade  with  the  header/substrate 
or  die  attach  aedia.  If  the  tool  rides  over  the  die,  a  new  die  aay  be  substituted  or  the  die  aay 
be  repositioned,  provided  that  the  requirements  of  3.1.c  are  aet. 
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3.2  Failure  criteria.  A  device  which  fail*  any  of  the  following  criteria  shall  constitute  a  failure. 

a.  Fails  die  strength  requirements  (1.0X)  of  figure  2019-4. 

b.  Separation  with  less  than  1.2S  tiaes  the  ainiaua  strength  (1.(B>  specified  in  figure  2019-4  and 
evidence  of  leas  than  SO  percent  adhesion  of  the  die  attach  aadiua. 

c.  Separation  with  leas  than  2.0  tiaas  the  ainiaua  strength  (1.0X>  specified  in  figure  2019-4  and 
evidence  of  leas  than  10  percent  of  adhesion  of  the  die  attach  aadiua. 

*  MOTE:  For  eutectic  die  attach,  residual  silicon  attached  in  discrete  areas  of  the  die  attach  aadiua 
shall  be  considered  as  evidence  of  such  adhesion.  For  aetal  glass  die  attach,  die  attach  aaterial  on 
the  die  and  on  the  package  base  shall  be  considered  as  evidence  of  acceptable  adhesion. 

3.2.1  Separation  categories.  When  specified,  the  force  required  to  achieve  separation  and  the  category 
of  the  separation  shall  be  recorded. 

a.  Shearing  of  die  with  residual  silicon  reaaining. 

b.  Separation  of  die  froa  die  ettach  aadiua. 

c.  Separation  of  die  and  die  attach  aadiua  froa  package. 

4.  SUMMARY,  the  following  details  shall  be  specified  in  the  applicable  acquisition  document. 

a.  Hiniaua  die  attach  strength  if  other  than  shown  on  figure  2019-4. 

b.  Nuaber  of  devices  to  be  tested  and  the  acceptance  criteria. 

c.  Requirement  for  data  recording,  whan  applicable  (see  3.2.1). 


Supersedes  page  2  of  NIL-STD-0S3D. 
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FIGURE  2019-4.  Pie  shear  strength 


MIL-STD-883D 


fCnCD  3CD4.1 

TWHsmoH  rat  wsjbwts 

1.  Mrost.  mis  —tad  establishes  the  an  for  —axing  the  output  trwaitvn  tiae*  of  digital  Bieroelectnxiie  devices, 
MhasT1UDTL,inUECUvdKS. 

1.1  Definition*.  The  folUving  definition*  shall  apply  for  the  purpoat  of  this  Method. 

4  1.1.1  Rise  tine  (%,„}.  Iha  tmiticn  tine  of  the  output  frna  10  par— it  to  90  pcrcait  or  voltage  levels  of  output  voltage 

with  the  ipecifiad  output  changing  free  the  defined  LOU  level  to  the  defined  HBi  level. 

1.1 2.  Fall  tier  (t^  ).  The  traraitiCTi  tiae  of  the  output  frea  90  percent  to  10  percent  or  voltage  levels  of  output  voltage 
with  the  specified  output  changing  froa  the  defined  H194  level  to  the  defined  LOU  level. 

2  HWWtfflB.  Gquip—t  enable  of  aeaeuring  the  el^ead  tiae  baft— t  specified  percentage  points  (noraally  10  percait  to  90 
percent  on  the  positive  transition  «d  90  percent  to  10  percent  on  the  negative  transition}  or  voltage  levels.  The  test  data— 
shall  be  cap^le  of  asintaining  the  dance  inter  teat  at  any  specified  tasperature. 

*  3.  ftXBUt.  The  darioe  shall  be  stdrilirad  at  the  specified  test  teepereore. 

Iha  dance  inter  test  shall  be  loaded  as  specified  in  the  applictaile  acquisition  doaaant.  The  load  shall  aeet  the  reqjireacnts 
specified  in  aethod  3002  of  this  dnaant.  The  driving  signl  shall  be  applied  as  specified  in  Method  3001  or  the  epplicdsle 
aoqiisition  itacusent. 

*  3.1  Nea—ent  of  t„u  and  t^  .  Utless  otherwise  stated,  the  rise  transition  tiae  (t,, H)  shall  be  samirwrl  between  the  10 
percmt’srd  SO  percent  poirrtsanittie  positive  transition  of  the  output  pulse  end  the  fall  transition  tiae  (t^)  shall  be  saasured 
between  the  90  percent  and  10  percent  points  <r  the  negative  transition  of  the  output  pulse.  The  dance  utter  test  shsll  be 
conditioned  according  to  the  siplicable  acqmifkxi  doo— it  with  lueinsl  bias  voltages  applied.  Ficyxe  30D4-1  shows  typical 
transition  tiae  a—ur— nt. 

*4.  SUmSRY.  The  following  details  shall  be  specified  in  the  spplicteil*  aoqrisiticn  (teaeant: 

a. 

b. 

e. 

d. 

e. 

f. 

9- 
h. 


t 


trm  liaits. 
liaits. 

Transition  tiae  aeasureamt  points  if  other  than  10  pa  cent  or  90  per— it. 
Paraa.Wi  i  of  the  driving  sigal. 

Cudi tierring  voltages  (static  or  dynaaic). 
lead  condition. 

Power  sLpply  voltages. 

Test  teaperature. 
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fcnco  301? 

mocafcTOUcs  package  digital  signal  transmissiw 

'  1.  HJRP08E.  Ibis  aethad  establishes  the  mbs  of  enlisting  the  characteristic  iepedmice,  capacitmce,  and  delay  tiae  of 

sigal  lines  in  packages  used  for  hi$i  fnequatey  digital  integrated  circuits.  It  is  imaged  to  assure  a  Batch  between  circuit 
perfer—e  wd  interamccting  wiring  to  einimize  sigial  degrachrticr. 

1.1  Definitions. 

1.1.1  Characteristic  isnadenoe.  The  isprrtrce  that  a  section  of  transmission  line  ehibits  due  to  its  ratio  of  resistance  and 
inductanoe  to  c^acionce. 

1.1.2  Delay  tiae.  Ihe  tiae  delay  wperienced  Jan  a  pulse  generated  by  a  driver  with  a  particular  drive  iepecance  is 
pntpagatied  through  a  section  of  trwnanssicn  line. 

1.2  Stebols. 

«:  Resistance 

L;  Induct*** 

C:  Capacitance 

t^:  PrcpagKicn  delay  tiae 

2.  APPARATUS.  The  approaches  for  transmission  perfanence  aeasuraeents  shall  include  a  suitable  tiae  doain  ref  lectometer 
(TDK)  (see  2.1)  and  de  resistance  measuring  equipment  (see  2.2). 

2.1  Tiae  dbwain  ref lectcaeter.  The  TOR  used  for  this  test  shall  hwe  a  system  rise  tiae  for  the  displayed  reflection  that  is 
not  less  ttan  5  tiaes  and  preferably  10  tiaes  the  rise  tiae  (nethcd  3004)  for  the  candichte  integrated  circuits  to  be  packaged. 
Interconnecting  cables  and  fixtures  shall  be  desigwd  such  that  this  ratio  is  not  degraded  due  to  reflectias  and  ringing  in  the 
test  stop. 

2.2  DC  resistance.  DC  resistance  aeaaring  equipment  and  probe  fixtures  shall  be  capable  of  measuring  the  resistmx*  of  the 
padoge  leads  and  the  chip-to-  package  interoomect  aedia  with  an  accurancy  of  no  greater  than  ±10  percent  of  the  actual  value 
including  errors  due  to  the  eechenical  probing  interface  contact  resistance. 

3.  HPCHXAE.  The  test  equipment  coifiguratian  shall  be  as  show  on  figure  3017-1  using  a  tiae  dcasin  ref  lectcaeter  as 
specified  (see  2).  The  characteristic  iipwknce  (ZQ),  prcpageticn  tiae  (t^),  resistaice  and  load  apecitaw  (C, )  shall  be 
■BBSUra|1  f®”  representative  configurations  as  determined  by  a  review  oT the  package  drawings,  end  the  intended  applications 
(see  3.2  thrcu^i  3.3). 

3.1  General  considerations. 

3.1.1  TOR  waaireaents.  Accurate  aeasui  went  of  transarissicn  perforsence  of  a  package  pin  using  a  TOR  requires  careful  design 
and  iapleaemtiai  of  adapter  fixtures  to  avoid  reflections  due  to  trenail ss ion  line  discontinuities  in  the  cables  and  junctions 
beo«en  the  TOR  and  the  pnrkagn  being  tested.  The  accuracy  of  the  aaasureaent  will  be  enhanced  if  the  coaxial  cable  used  to 
interface  to  the  package  is  of  a  characteristic  iepedawe  as  close  as  passible  to  the  package  pin  lipadance.  The  interface  to  the 
pa.lAjr-  should  be  a  soldered  oat  action  ad  Mechanical  desigi  of  the  actual  ooax-to-package  interface  should  minimize  the  length 
of  the  tncontrellad  iqwfence  section.  Stripline  interfaces  are  the  best  Method  for  surface  mount  package  styles. 

3.1.2  Test  configurations.  Obtaining  a  goad  higi  frequency  ground  is  also  iaportatt.  Ccmectian  of  the  package  grand  plaie 
(if  the  package  design  has  one)  to  the  test  set-up  ground  plane  should  be  accoeplished  with  a  pin  configuration  simitar  to  actual 
usage  in  the  intended  package  ^plications. 

Pin  selection  for  testing  aay  vary  according  to  package  ccrplexity.  For  packages  with  very  symaetrical  pin  configuraticns  cnly  a 
far  pins  need  be  tested  but  cerrfigjratiens  oust  include  pins  adjacent  md  rcnadjacent  to  the  grard  pins.  Packages  with  cceplex 
9  wiring  and  inter  connection  aedia  should  be  tested  100  per  cant. 
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Tart  cnocadrc  for  pacfcaae  tmggmja;  dfflggwtia.  Iking  a  section  of  cosgnal  able  of  luiui,  calibrated 
darectaristie  ispadanoe  (Z^)  as  a  reference  oan  the  aimak  CZfWn>  eaxiu  (Z-  )  and  average  (^)  values  of  reflectien 
coefficient  (p)  for  the  semen  of  line  cn  the  TOR  display  that  has  beat  carefully  mnvmd  to  be  the  package  pin  (locete  usuq 
aro- length  kart  circuits).  } 

Calculate  characteristic  ikerhnoe  <2^  for  each  of  the  caaas  frea  the  foraila: 


“  *a.r  X 


11 l£l 

(1-p) 


♦ 


3.2.2  Pelar  tike  aeasureaant.  Fros  the  TW  display  of  3.2.1  aaaaure  the  tiae  difference  in  picoaeaands  free  the  point 
identified  as  the  start  of  the  exterior  package  pin  (lj)  to  the  drip  interface  point  (tg)  (At  = 

Fora  the  package  dasi^i  drwings,  deteraine  the  physical  length  of  the  nxi  (U 

Time  delay  e 

ir 


3.2.3  lead  capacitance  calcutaticn. 


Load  capacitance  cL 


lei 

*o 


3.2.4  lead  inductance  calculation. 


Load  inductance  ( series ) 


3.3.  Series  resistance  taaaurw nt. 

Iking  the  test  .setvps  of  figaa  STI7-2,  sqaratcly  aeaoure  the  dc  resistance  of  the  drip-to-padoge  interface  aadia  (fO  <rd  the 
package  Uad  0^). 

SS3HI-  1**  follcuing  details,  dan  applicable,  shall  be  specified  in  the  applicable  acgiisiticn  doaaamt: 


••  w 

**•  *Hin' 

c.  ZQ  <-x). 

d.  Zp  (arm). 

e.  tp^  (aasO. 

f.  tpj  (am). 

g.  (^  (aax). 


* 


fCTCD  3DT7 
29  fky  1957 


280 


HIL-ST0-883D 


h.  (ami. 

i.  Ok). 

j.  <**0 . 

k.  ^,0-0. 
t.  1^  <mO. 
a.  (i hi}. 

n.  R^  OriiO. 

o.  Mage  pine  to  be  tasted. 

p.  Package  ground  anf  kyjraticn. 
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FIGURE  3017-1.  Tiw*  etawin  reflectoter  test  settc. 
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CROSSTALK  HEASUSeffS  FOR  DIGITAL  niOB&ECTJOlICS  DEVICE  PACKAGE 

1.  ggoag.  This  acthod  esoblimes  the  Mans  of  ueajuring  the  Level  of  cross-cap  ling  of  wideband  digits*.  siyels  end  noise 
betw— i  pin*  in  a  digital  Microcircuit  package.  The  mttad  m y  be  used  to  gather  cbta  that  are  useful  in  the  prediction  of  the 
package's  contribution  to  the  noise  aargin  of  a  digital  device.  The  teOnicjje  is  ccapstibLe  with  aultiple  logic  feet  lies  provided 
that  the  drive  and  toad  iapadance  are  toxwn. 

1.1  Definition. 

1.1.1  Cross  talk.  Sigwl  and  noise  waveforms  copied  between  isolated  transsrission  lines,  in  this  case,  package  conductors. 

1.1.2  fooling  capacitance.  The  effective  apacitsice  coupling  between  a  pair  of  conductors  in  a  package  as  saasured  by  the 
tiae  constant  of  the  charge  pulse  applied  an  one  line  and  awsararl  en  the  other. 

1.1.3  Noise  oulse  voltaae.  The  voltage  of  a  crosstalk  —jnrl  at  the  ainiu  noise  pulse  width  as  seen  rod  an  a  receiver 
ipput  line. 

1.1.4  Fafc  noise  voltaae.  The  peak  value  of  the  noise  pulse  saaajrai  cn  a  receiver  input  line. 

1.2  Sudanis.  The  folltving  sydsls  shall  apply  for  the  purpose  of  this  test  aethud  and  shall  be  used  in  accordasoe  with  the 
definitions  provided  (see  1.2.1  and  1.2.2). 


1.2.1  Logic  levels. 

Vg^laasO:  The  aarisaai  output  low  level  specified  in  a  logic  systoL 

V^lain):  The  ainma  output  hitfi  level  specified  in  a  bogie  systea. 

V^Omk):  The  ■xiaua  alboad  input  bow  voltage  bevel  in  «  bogie  systaau 

V^Csrin):  The  awrma  elbowed  irput  hig^i  level  in  a  logic  systea. 

1.2.2  Noise  pulse  width. 

The  low  level  noise  pulse  width,  neawunri  at  the  (s me)  level  (see  arthod  3013). 

tp^:  The  hi^i  level  noise  pulse  width,  amjjrad  at  the  (am)  level  (see  arthod  3012). 

1.2.3  Trmsiticn  ti—s  (sse  sethad  3004). 

t^:  Rise  tiae.  The  transition  tiae  of  the  output  frea  the  10  percent  to  the  90  percent  of  the  hi^i  voltage  levels 

with  the  output  changing  froe  low  to  hi£i. 

Fall  tiae.  The  transitiai  tiaes  frea  the  90  per  cast  to  the  10  percent  of  the  hiefi  voltage  level  with  the  output 
(hanging  fros  highs  to  low. 

1.2.4  Crosstalk  oaraaetera. 


(^:  (<>S>1  <>s|  1  IV) 

VN:  Noise  pulse  voltage  (see  1.1.3). 

Vfr>.:  Peak  noise  voltage  (see  1.1.4). 
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2.  The  qnu  uMd  tar  crosstalk  Muwt]  shall  me  tube  a  suitable  scurce  gearator  (see  2.1),  wia«and 

aeciltascqpe  (mm  2.2),  taw  c^acitaioe  prate  (*at  2.3)  ad  taad  rwistnrs  <aat  2.4). 

2.1  tara  tmmrrner.  Tie  nr*  gaaratar  tar  this  test  Wall  be  cptele  of  dpi i eating  (within  S  percent)  the  transition 
riaw,  V_.  ad  V-  lewis  of  the  Logic  systarfs)  being  oansxteed  tar  application  using  the  package  style  uter  ewlwticn.  The 
source  geerator shall  haw  a  runnel  characteristic  sores  iepednoe  of  SO  ehaa. 

2.2  Widtead  < l Iterate.  The  aaciUoaccpe  wad  to  aware  the  crosstalk  pulse  haw  a  display  risetiee  that  is  less 
.  than  20  pa-cait  of  the  risetiee  of  the  logic  eystaa  being  uueidasd  tar  atplicsticn  in  the  package  style  titer  ewluetiai.  A 
«  -sapling- type  caciUaeccpe  is  1  ecceaerted. 

1.1  tow  rm,»e itjnte  urate.  He  interface  between  tie  oscilloscope  mti  the  wit  utter  test  stall  be  a  higi  itpettance  lot 
cepacinnce  prate.  Ite  probe  wpadwoe  shall  be  10  smiaa  mti  the  capacitance  shall  be  5  pf,  tanaa,  uiless  otherwise 
specified  m  the  acquisition  doewent. 

2.4  Lead  resistor.  The  taad  resistors  specified  tar  this  test  shall  be  taw  inductees,  taw  capacitance,  chip  style  resistors 
with  a  tolerance  of  *5  percent.  Load  resistor  wluas(s)  shall  be  specified  by  the  acqkrisitioi  doewart  to  eetdi  the  load 
isptenoe  lewis  of  the  application  logic  farily  tar  a  single  receiver  load. 

*  3.  fmrtmmm  The  teat  ecpipate  configuetien  shell  be  as  show  on  figure  3018-1  wing  a  source  gweretor,  aeciltasocpe, 
prate  aid  loads  aa  spacifiad  (aaa  2).  teaatr— nts  ball  be  wdt  of  cowling  capecitaice,  (saa  3.2)  and  if  reaiirad  by  the 
acquisition  ctxxaanc,  of  noise  pulse  voltage,  pate  noise  pulse  voltegt,  ad  noise  pules  width  (see  3.3). 

3.1  General  uietdaatiaa. 

3.1.1  QsrSsw  esst  ocrrfiojreficn.  It  is  teportte  to  growd  the  psdage  wing  the  seee  pins  as  would  be  wed  in  the 
eicrocircuit  applicarian.  If  the  package  has  an  internal  ground  pUne  or  growd  section,  this  should  be  connected  via  pedage 
pints)  to  the  exterior  test  set-ip  growd  plane.  The  package  should  be  on  acted  to  the  test  set-ip  with  caacial  cable  or 
stripline.  Uahtalctei  conductor  eadiw  should  rot  be  wap  betweai  the  signal  soute  end  package.  Coaxial  shields  aat  be 
pouted  at  both  ate  of  tte  cdbl*.  Package  sockets  should  rot  be  ussd  unless  date  ere  to  be  part  of  the  eicrocircuit 
applicate*  onfiguretion.  package  leads  aat  be  tanad  aid  triated  as  specified  in  the  oplicarion.  Peckage-to-drip 

intet  correct  xy  wdia  ball  be  installed  in  the  pedage  ad  wad  to  unact  to  the  taad  resistors. 

*  3.1.2  Pin  selection.  For  sipile  packages  with  jy—trical,  partial  pin  ootectore,  only  a  sen**  of  pin  ecteiratxnt  Acad  be 
tested.  IMees  otherwise  specified  by  the  aogrisitian  rtn— it,  ell  castoir  aliens  adjaote  to  the  growd  pirks)  ad  as  cetemation 
opposite  the  growd  pints)  shell  be  tested,  as  a  amiaa.  Cortex  pedogas  with  rteperellel  conductors  or  aultil^ier  wiring  doll 
be  tested  tar  all  adjacte-pair  cobinaticra,  wless  otherwise  specified. 

*  3.2  Cap*  ira  egagiteoe  —«■<■"»  Connect  the  test  cyripate  as  show  on  fiyre  3018-1.  Use  a  50  da  chip  resistor  toed 
in  the  driven  pin  chavrt,  wless  otherwise  pacified.  For  the  pick-up  darnel,  we  tte  taad  resistor  valuKs)  ae  specified  by 
the  acquisition  donate,  (load  resistor  values  should  be  set  such  thee  the  parallel  cospiieticn  of  load  resistance  ad  prate 
laaOnoe  artdas  ae  closely  as  practical  the  specified  taad  ipjetenee  of  a  single  receiver  in  the  logic  systen  to  be  wed  in  the 
eicrocircuit  applicatiai. )  Cheek  the  residwl  crats-capling  of  the  eaacring  set-sp  tiy  touching  the  prate  to  the  pick-tp  darrel 
taad  before  the  pick-ip  pin  is  unacted  to  the  resistor,  teeare  ad  record  the  pete  pulse  wlte^e  cteerved.  This  pete  ailse 
reading  aat  be  leas  than  SO  perom  of  the  reading  ctearwd  with  the  pin  corrected  to  the  resistor  tar  a  reading  to  be  wild. 
Adjust  the  test  set-ip  cable  orientation  and  ranfignticn  to  amierixe  this  residwl  crose-axplmg. 
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Cc meet  Ow  pick-cp  pins  to  aw  lead  resistor  snd  adjust  aw  pulse  width  so  that  the  tine  required  to  charge  the  coupling 
capacitance  to  0  V  can  be  observed.  ftaaajre  the  tise  at  the  63  percait  voltage  point  cn  the  wovefora  (T)  and  calculate  coLpling 
capacitanoe  (Cc)  as  follows: 


Determine  £,OCJj 


'ToimI 


> 


\ 


Cc  ~  CroCAi  ~  C Plot* 


Values  of  Cj  on  be  used  as  a  relative  aaasure  for  caparison  of  potential  crosstalk 
The  axpling  capacitance  (C  £)  can  also  be  used  to  predict  levels  of  crosstalk  for  various  logic 
by  performing  a  pulse  response  analysis  using  a  circuit  siajlator. 


to  a  standard  package, 
or  circuit  configuraticns 


*  3.3  ftoise  culse  i 


Using  the i 


test  seap  as  m  3.2, 


the  crosstalk  noise  pulse  voltage  at  the  ainisui 


noise  pulse  width  specified  for  the  logic  systas  or  as  specified  by  the  acquiring  agancy. 
Measure  the  peak  noise  voltage  value  of  the  aoupled  crosstalk. 
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rCTHOD  OXK.1 

CP94  LOOP  PStFOtMNCE  ) 

1.  PURPOSE.  The  purpaM  of  this  tost  praodit  is  to  Tt  ^in,  barUidth,  distortion,  dynasic  range,  and  input  iiawxncr. 

Sain,  dywic  range,  anj  distortion  ere  cofcinad  into  a  large  sigml  test  tiara  the  distortion  aeasuraent  will  mcate  eitfmr 
lade  of  dynasic  range  or  inherent  distortion. 

1.1  Definitions.  The  following  definitions  shell  apply  for  the  pupoee  of  this  teat  aeP'ol  ^ 

W  voltage  mring  (V^).  The  searisus  output  voltage  swing  is  the  aaDoasi  peak-to-peak  output  voltage  whidi 
can  **  tkatained  wnthait  wrerara  eilppirxj  vnen  the  quiescent  dc  output  voltage  is  set  at  a  specified  reference  level.  The  swing 
levels  era  denoted  by  ♦Vg,  and  -V^,. 

1-1-2  Single  ai dad  input  iepadenoe  7he  sing te  edsJ  input  iepedance  is  the  ratio  of  the  change  in  input  voltage  to  the 

dtmgs  in  input  arneit  seen  tetneen  either  irput  and  ground  with  the  other  irput  tereinel  ae  grandad.  In  case  of  single  input 

aplifiert,  it  is  the  ispabnee  betwoei  that  terminal  ad  -round.  It  is  aaarel  at  the  quieaoant  output  dc  level. 

1.1.3  Differential  input  issuance  (!„,).  The  differential  input  nspedance  ia  the  ratio  of  the  change  in  input  voltage  to  the 

*■9*  ii»  WHjc  aiMIl  UW  BIBWWrSb  irgmndsj  input  terminals  of  the  aplrfier  at  the  cpnescont  output  dc  level. 

1.1.4  Voltage  pin  (A^.  The  voltage  gain  (epen  loop)  is  the  ratio  of  the  output  voltage  swing  to  the  single  ended  or 
differential,  irput  voitagl,  required  to  drive  the  output  to  either  swing  liait. 

1-1-s  Ba^ridth,  open  laap  The  epen  loop  bandwidth  is  the  range  of  frequencies  within  vinefi  the  cpan-laop  voltage  gin 

of  the  tepufier  is  not  so*  WSri  SI  below  the  value  of  the  sidnaid  epan  loop  gain. 

1.1.6  Distortion.  The  total  ratio  of  the  fK  **  of  all  harmonics  to  the  total  >*6  voltage  at  the  output  for  a  pure  sine  wave 
input. 

1-1.7  unity  tain  berxVidth  (a»):  The  unity  gain  bandwidth  is  the  frequancy  at  which  the  output  voltage  is  equal  to  the  input 
notage. 

2.  APPAWATIb.  the  apparatus  shall  asmist  of  aprepriet*  test  equipaant  cassia  of  saaaLring  specifnad  paaasffi  i  and  an 
appropriate  teat  fixture  with  stasia 0  input,  output,  and  feedneck  rasi stances. 

3-  The  test  figres  shor  the  onmectncns  for  the  various  test  oendi tiara.  A  differential  irput  is  shewn,  tut  if  a 

single  erdad  invertnng  aaplifier  is  under  test,  the  ccaponemts  shown  at  the  positive  irput  terarinel  shall  rot  be  used.  If  a 
njiirvertnng  wplifier  is  under  test,  it  shall  be  necessary  to  either  use  fixed  bias  instead  of  the  dc  feedneck  or  to  use  an 
inverting  grin  of  one  aplifier  in  the  feednack  path.  For  differential  output  devices,  the  eeasurwnts  described  in  3.1,  3.2, 

3.3,  and  3. 4  below,  as  qplicable,  shall  be  retested  for  the  other  output  using  the  ease  test  figure  except  that  the  Measuring 
equipaant  shall  be  oomected  to  the  other  output. 

3-1  ttnen  loop  <ytn  using  the  mil  loco.  The  test  figwm  ns  shown  an  figure  4CD4-3.  The  load  resistor  R.  is  grojrried.  Set  V. 
to  -10  V  and  Measure  E^.  Set  Vc  to  +10  V  and  seseura  6^. 

A  -  h  20 

”  *1  B02  -  Sgl 


3.2  Distortion.  Under  the  conditions  of  3.1,  read  the  distortion  an  the  distortion  meter  or  the  voltage  at  the  output  of  the 
rejection  filter  if  that  is  used. 

3-3  Iteioa  aiqsit  voltage  swing.  The  test  figjre  is  shown  on  figjre  <QD4-3.  Set  V,.  equal  to  zero.  Switches  S.  -  are 
closed.  For  eply  a  V-  eqal  to  the  positive  sunply  voltage  +V_  =  V,.  For  -V_  apply  a  V1  equal  to  the  negative  apply 
voltage  -V^  *  c 
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3.4  Ebrdwidth.  Establidt  the  aptitude  of  Vj  within  the  Linear  region  of  the  device  under  test  at  a  freqjaicy  specified  for 
the  aaaaueoant  of  A^.  increase  the  frspancy,  while  aeirttaining  the  aaplifier  of  cerate rt,  uiril  reduces  to  O.TOT  of  the 
original  value  (3  <£  don).  Ibis  frequency  ball  be  —cured  as  the  tarrtridth  for  the  device  mder  test.  The  test  figure  Is 
duet  an  figure  4004-1. 

3.5  Irieit  ieped—  ibis  will  be  specified  as  a  sinus*  value  wd  shall  be  aaaerirl  by  deserving  that  the  output  voltage  Vj 
dose  not  (top  acre  ban  6  <£3  (2:1  in  voltage)  that  the  awitdt  S  ia  epaad.  This  test  shell  be  pet  foraed  at  the  specified 
frequency  with  e  specific  aptitude  of  V-  within  the  linear  region.  Rj  shell  be  givwt  as  the  value  of  the  emits*  irput 
ispadsnee.  The  test  figre  is  shorn  an  lign  4004-1. 

3.6  Uritv  gain  bastridth.  Increase  the  frequency  of  «j  (starting  at  100  kHz)  urtil  «  e,.  The  frequency  at  thirh  this 
occurs  is  GEM.  The  toot  figre  is  shown  <n  figre  4004-4.  Set  the  irput  voltage  ¥1  to  the  required  device  voltage. 

4.  sutmtr.  The  fol lowing  details  shall  be  specified  in  the  pplicabie  acquisition  (txxaant  for  specified  taluee  of  R,,  C, 
ivcc  for  the  nulling  aplifier,  Rj  and  R^. 

••  V  at  specified  tesperetureis). 

b.  Zw  (ainiaua),  at  specified  twpereturels)  md  frequency. 

c.  Zgy  there  applicable,  at  specified  tapereored)  and  fragancy. 

d.  Ayj,  there  applicable,  at  specified  taperWsels)  end  frequency. 

e.  Ay,  at  specified  taqwatureCs)  and  frequency. 

f.  O^,  at  specified  taper  etunKs) . 

g.  Distortion  CO,  at  specified  taper eturKs). 

h.  Vqj,  that  applicable,  at  specified  tsaperatureis). 

i.  GBI,  at  pacified  taprsares. 

j.  Test  teeperetureis).  unless  otherwise  specified,  all  par  waters  shell  be  aeaeured  at  the  einiaa  end  eariaa  specific 
aabient  eperating  tepereorea  wd  at  25’C  abiait. 
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SEMI  G42-88 
SPECIFICATION 

THERMAL  TEST  BOARD  STANDARDIZATION  FOR  MEASURING 
JUNCTION-TO- AMBIENT  THERMAL  RESISTANCE  OF  SEMICONDUCTOR 
PACKAGES 


1.  Preface 

This  document  provides  the  requirements  for  a  standard 
thermal  resistance  test  board  to  be  used  in  junction- 
to-ambient  thermal  resistance  measurement  of  a 
semiconductor  package  under  still  and  forced  air 
condition  as  a  referee  method. 

2.  Applicable  Documents 

Information  regarding  the  methods  for  measuring 
junction-to-ambient  thermal  resistance,  the  proper  design 
and  use  of  thermal  test  chips,  and  material  specifications 
for  printed  circuit  boards  can  be  found  in  the  applicable 
documents  listed  below. 

2.1  SEMI  Specifications 

SEMI  G32  Guideline,  Unencapsulated  Thermal 

Test  Chip 

SEMI  G38  Still-  and  Forced-Air  Junction- 

to- Ambient  Thermal  Resistance 
Measurements  of  IC  Packages 

22  Military  Specifications* 

MIL-P-13949  Material  Specification  for  NEMA 
Grade  G-10  Printed  Circuit  Board 
Material 

MIL-STB-883C  Method  1012.1,  Thermal  Charac¬ 
teristics 


3.  Selected  Definitions 

junction  temperature,  Tj-  in  degrees  Celsius.  Is  used 
to  denote  the  temperature  of  the  semiconductor  junction 
in  the  microcircuit  in  which  the  major  part  of  the  heat  is 
generated.  Usually  the  measured  junction  temperature  is 
only  indicative  of  the  temperature  in  the  immediate 
vicinity  of  the  element  used  to  sense  the  temperature. 

junction-to-ambient  thermal  resistance.  Raja  -  in 
degrees  Celsius/ watt  is  the  temperature  difference 
between  the  junction  and  the  ambient,  divided  by  the 
power  dissipation  Ph. 

power  dissipation,  Ph  *  in  watts.  Is  die  heating  power 
applied  to  the  device  causing  a  junction-to-reference  point 
temperature  difference. 


temperature  sensitive  parameter,  7SP  -  Is  the 
temperature  dependent  electrical  characteristic  of  the 
junction  under  test  which  can  be  calibrated  with  respect 
to  temperature  and  subsequently  used  to  detect  the 
junction  temperature  of  interest 

4  Ordering  information 

The  material  required  for  making  the  thermal  test  board 
can  be  ordered  through  any  electronic  supply  store. 

5.  Requirements 

General  requirements  regarding  the  materials  used  fer  test 
board,  the  specified  physical  dimensions  of  the  test  board 
and  other  necessary  conditions  are  described  in  the 
following  paragraphs: 

5.1  Material  Requirements 

5.1.1  The  test  board  material  should  be  NEMA  Grade 
G-10  or  equivalent 

5.12  The  conductor  traces  on  the  board  must  be  copper 
and  the  total  amount  of  copper  should  not  exceed  20%  of 
die  surface  area  of  die  board. 

5.1 3  The  vias  should  be  plated  through. 

5.1.4  External  wire  connections  from  the  package  leads 
to  edge  connector  leads  must  be  made  with  24  gauge 
copper  wire. 

521  Thermal  Test  Board  Layout  and  Physical  Dimensions 
-  Two  separate  boards  are  designed  for  the  purpose  of 
thermal  measurements  of  different  types  of 
semiconductor  packages. 

5.2.1  Board  One  (shown  in  Figure  1),  is  for  Dual-In-Line 
Packages  or  sockets 

a.  Dimensions: 

Length:  450  inches  ±0.01 

Width:  3.00  inches  +  0.01 

Thickness:  0.060  -  0.065  inches  ±  0.005 

b.  The  vias  shall  be  located  on  0. 10  inch  centers  ±  0.003 
non-accumulative. 
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c.  The  diameter  of  the  vias  shall  be  0.045  indies  +, 
0.003. 

d.  The  location  of  the  vias  on  the  board  shall  be  as 
shown  in  Figure  1. 

522  Board  Two  (shown  in  Figure  2)  is  designed  for  chip 
carrier  packages. 

a.  Dimensions: 

Length:  4.50  inches  £  0.01 

Width:  3.00  indies  +  0.01 

Thickness:  0.060  -  0.065  inches  +  0.005 

b.  The  copper  traces  shall  be  laid  out  on  the  PC  board 
as  shown  in  Figure  2.  The  traces  are  drawn  on  0.050 
inch  centers  +. 0.005  non-accumulative. 

c.  The  vias  at  die  end  of  the  copper  traces  shall  be 
located  on  die  0.10  inch  centers  +.  0.003  inch 
non-accumulative. 

5.2.3  Equivalent  boards  for  other  packages  should  follow 
similar  guidelines  as  described  in  5.2.1  and  5.2.2. 

53  Mounting  Guidelines  -  Board  One  is  designed  to 
accommodate  Dual-in-Line  Packages  and  socket- 
mounted  Chip  Carriers,  whereas  Board  Two  is  designed 
for  surface  mounting  Chip  Carriers  and  Flat  Packs. 

5.3.1  Example  of  package  mounting  on  the  boards  is 
shown  in  Figure  3.  Packages  should  be  mounted  such  that 
die  center  line  of  die  test  board  is  coincidental  with  the 
center  line  of  the  package. 

5.3.2  The  longer  edge  of  the  package  should  be  closest  to 
the  long  edge  of  the  board. 

5 33  Packages  most  be  mounted  such  (hat  the  standoff 
height  above  die  board  is  as  per  JEDEC  guidelines.  In  the 
case  of  a  new  package  without  such  information  available, 
a  minimum  of  5  mil  air  gap  between  the  bottom  surface 
of  the  package  and  the  thermal  test  board  is  acceptable. 

5.4  Mounting  the  Test  Board  for  Still- Air  Rqja 
Measurement 

5.4.1  The  test  board  should  be  mounted  on  a  clamp  as 
shown  in  Figure  4  through  a  suitable  edge  connector 
damp. 


5.4.2  The  test  board  and  the  edge  connector  clamp  are 
placed  in  a  one  cubic  foot  enclosure  as  shown  in  Figure 
4.  The  edge  connector  clamp  height  must  be  adjusted  to 
ensure  positioning  of  the  package  in  the  center  of  the 
chamber. 

5.4.3  The  electrical  wire  connections  from  the  package 
are  routed  out  of  the  one  cubic  foot  enclosure  either 
through  an  edge  connector  or  through  small  diameter 
holes  in  the  box. 

5.5  Mounting  the  Test  Board  for  Forced-Air  Roja 
Measurement  -  Forced  air  Roja  measurements  are 
performed  in  a  wind  tunnel  whose  diameter  is  8.00  inches. 
Details  of  the  wind  tunnel  are  given  in  SEMI  G38. 

5.5.1  The  test  board  should  be  mounted  inside  the  wind 
tunnel  on  an  edge  connector  clamp  as  shown  in  Figure  5. 

532  The  test  board  is  placed  in  the  wind  tunnel  such  that 
die  longer  edge  of  the  package  is  in  a  vertical  position. 
(See  Figure  5.) 

5.53  The  longer  edge  of  the  package  should  face  (he 
direction  of  air  flow. 

53.4  The  longer  side  of  tne  package  must  meet  die  air 
front  first,  as  shown  in  Figure  5. 

533 Air  may  be  forced  through  the  wind  tunnel  by  either 
blowing  from  one  end  or  by  suction.  (Suction  being 
preferred.) 

53.6  The  test  board  and  die  edge  connector  clamp  are 
placedin  the  wind  tunnel  as  shown  in  FigureS.  The  edge 
connector  damp  height  must  be  adjusted  to  ensure 
post  tioning  of  die  package  in  the  center  of  die  wind  tunnd. 

5.6  Thermal  Resistance  Measurement  Methods  -  Methods 
for  measuring  Raja  (Junction-to- Ambient  Thermal 
Resistance)  of  IC  packages  using  thermal  test  chips  have 
been  described  in  SEMI  G32  and  SEMI  G38, 
respectively.  These  methods  or  equivalent  methods  such 
as  the  use  of  switching  techniques,  as  described  in 
MIL-STD-883C,  Method  1021.1,  should  be  used  for 
making  thermal  resistance  measurements  of  IC  packages 
using  thermal  test  chips  or  IC  devices. 
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Thermal  Test  Board  Dual  In-Line  Packages 


Notes: 

1.  Material:  Epoxy  Glass,  .062  Thk,  FR-4  (Green),  Copper  Clad,  1  Oz.  1/1. 

2.  Gold-Plated  Fingers,  .00003  Min  Thk,  18  on  Each  Side. 

3.  Fabricate  Per  IPC-D-320,  Class  HL 

4.  Tolerance:  +.003  (Unless  Noted) 

3.  Fingers  an  Component  Side  of  board  (Shown)  are  Designated  A  Thru  R. 

6.  All  Holes  Plated  Thru. 

7.  Mates  With  Dale  Connector,  Part  Number  EB  7D-A18GFX  Or  Equivalent. 

Singers  on  the  Solder  Side  Are  Designated  as  1  Thru  18 
(With  18  at  Right  When  Viewing  Face  of  Board). 
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Figure  2 

Thermal  Test  Board  Surface  Mounting  PCC  Packages 
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Notec 

1.  Material:  Epoxy  data.  .062  Thk.  FR-4  (GrcenK 
Copper  Clad.  I  Oz.  I/|. 

2.  GoJd  Ptaicd  F infers.  .00003  Min  Thk.  IS  on  Each  Side. 

3.  Fabricate  Per  IPC-D-32Q.  Class  III. 

4.  Tolerance:  ±  003  (Unless  Noted) 

5.  Fingers  on  Component  Side  of  Board  (Shown)  are 
Oeticnated  as  A  Thro  R. 

Fingers  on  the  Solder  Side  are  Designated  as  I  Thru  18 
(With  18  at  Right  When  Viewing  Face  of  Beard). 


FINGER  DETAIL 


6.  All  Holes  Plated  Thru. 

7.  Mates  With  Me  Connector.  Pan  Number  EB 
7D-AI8GFX  or  Equtvaferu. 
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Figure  4 

Test  Board  Positioning  Inside  Measuring  Chamber 


Figures 

Test  Board  Orientation  Inside  Wind  Tunnel 


NOTICE:  SEMI  makes  no  warranties  or  representations  as  to  the  suitability  of  the  standards  set  forth  herein  for  any 
particular  application.  Thr.  rirtennination  of  the  suitability  of  the  standard  is  solely  the  responsibility  of  the  user.  Users 
are  cautioned  to  refer  to  manufacturer's  instructions,  product  labels,  product  data  sheets,  and  other  relevant  literature 
respecting  any  materials  mentioned  herein.  These  standards  are  subject  to  change  without  notice. 
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Appendix  E:  Endnotes 


1  Minimally  packaged  die  have  had  some  post  processing  done,  e.g.,  bumped 

2  Working  Document,  JEDEC  Modified  Version  2.0, 18  May  1993,  As  submitted  for  Ballot 

3  The  bottom  surface  of  the  die  is  the  plane  of  reference  for  planarity  measurements. 

4  Refer  to  Mil-Std-883,  Method  2010,  level  B  for  allowable  pad  damage 

5  Built  In  Self  Test 

6  The  resistance  of  an  electrical  connection  from  the  carrier  to  the  die,  measured  at  the  point  of  contact 

7  Refer  to  Mil-Std-883,  Method  2010,  level  B  for  allowable  pad  damage 

**  The  resistance  of  an  electrical  connection  from  the  carrier  to  the  die,  measured  at  the  point  of  contact 

9  Refer  to  Mil-Std-883,  Method  2010,  level  B  for  allowable  pad  damage 

10  Working  Document,  JEDEC  Modified  Version  2.0, 18  May  1993,  As  submitted  for  Ballot 

1 1  The  estimated  selling  price/quantity  of  carriers,  if  applicable. 

12  How  many  times  can  the  carrier  be  reused  and  still  remain  within  its  specifications.  Further  information 
on  carrier  maintenance  cost  and  schedule  to  be  furnished  if  applicable. 

13  Coefficient  of  Thermal  Expansion  of  probe  substrate  material. 

14  Metal  in  contact  with  die  pad/bump 

15  Built  In  Self  Test 


Section  IV  -  Specifications 


(  STANDARD  FOR  KNOWN  GOOD  DIE  (KGD) 

EIA  Designation: _ 

1  Preface 

This  standard  was  created  to  facilitate  the  procurement  and  use  of  high  reliability 

semiconductor  microcircuits  or  discrete  devices  provided  in  bare  die  form,  commonly 
known  as  "Known-Good  Die”  (KGD). 

This  document  provides  requirements  and  guidance  to  KGD  suppliers  in  regard  to  the  high 
levels  of  as-delivered  performance,  quality  and  long  term  reliability  expected  of  this  type. 
It  also  reflects  the  special  needs  of  KGD  product  customers  in  terms  of  design  and 
application  data.  Tim  document  is  applicable  to  KGD  products  used  in  both  commercial 
and  military  applications. 

This  standard  also  reflects  an  understanding  on  the  part  of  KGD  users  that  quality  and 

reliability  cannot  always  be  assured  in  the  same  fashion  as  for  conventionally  packaged 
microcircuits.  KGD  customers  take  on  a  significant  responsibility  for  the  proper 
application  and  long  term  environmental  protection  of  this  type  of  product  The  extent  to 
which  KGD  suppliers  shall  warrant  die  product  is  highly  dependent  upon  customer 
capability  and  adherence  to  strict  quality  controls.  Cooperation  between  suppliers  and 
users  is  essential. 

1.  Scope 

1 . 1  This  standard  provides  guidelines  and  requirements  for  known-good  semiconductor  die 
(KGD)  used  in  other  than  conventionally  packaged  microcircuit  or  discrete  formats.  The 
die  described  herein  are  intended  to  be  high  quality,  reliable  bare  dice  in  die  form  only, 
for  use  in  a  variety  of  user-defined  applications  (e.g.,  multichip  modules,  hybrid  circuits, 
memory  cards,  etc.)  While  this  standard  allows  negotiation  between  supplier  and  user  to 
establish  specific  requirements  for  performance,  quality  and  reliability,  it  is  important  to 
recognize,  in  the  case  of  military  and  aerospace  applications,  the  minimum  requirements 
described  in  relevant  military  specifications. 

1 .2  This  standard  is  limited  to  KGD  consisting  of  a  single  microcircuit  or  discrete  device 
connected  using  conventional  wire  bonding  or  High  Density  Interconnect  KGD  are 
intended  to  be  equivalent  to  or  better  than  their  corresponding  packaged  parts  in  terms  of 
electrical  and  reliability  performance  (unless  specifically  noted  by  the  supplier).  Per 
requirements  mutually  agreed  upon  by  KGD  supplier  and  user,  the  KGD  supplier  shall 

t  implement  and  demonstrate  testing  and  screening  required  to  assure  this  performance. 

This  standard  deals  only  with  KGD  supplied  in  individual  die  form,  for  which  the  user 
accepts  responsibility  for  providing  and  assuring  final  environmental  protection  (e.g., 
hermetic  sealing). 

\ 
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2.  Reference  Documents 

2.1  Military  and  Federal  Standards1 

FED-STD-209  Clean  Room  and  W orkstation  Requirements,  Controlled  Environments 

MIL-STD-883  Microelec trorirs.  Test  Methods  and  Procedures 

MIL-S- 19500  Genera]  Specification  for  Semiconductor  Devices 

MIL-M-38510  General  Specification  for  Microcircuits 

MIL-H-38534  General  Specification  for  Hybrid  Microcircuits 

MIL-I-38535  General  Specification  for  Integrated  Circuits  Manufacturing 

2.2  Institute  of  Electrical  and  Electronic  Engineers  Standards2 

IEEE  1029. 1  Waveform  and  Vector  Exchange  Specification 

TFFF.  1076-1987  VHSIC  Hardware  Description  Language 

IEEE/ ANSI  1 149. 1- 1990  Standard  Test  Access  Port  and  Boundary-Scan  Architecture 

2.3  Electronics  Industry  Association  -  Joint  Electron  Device  Engineering  Council  Standards3 
JC  19C  General  Standard  for  Statistical  Process  Controls 

2.4  American  National  Standards  Institute  Documents4 
ANSI  Y14.5  Dimensional  Standards 

2.5  International  Standards4 

ISO  9000  Series  Quality  Management  Standard 

2.6  Other  Reference  Documents 

Relevant  KGD  Supplier  Data  Book/Sheet  or  Specification 

2.7  Order  of  Precedence  (microcircuits):  In  die  case  of  conflict  between/among  applicable 
specifications,  the  following  order  of  precedence  shall  apply  for  microcircuits: 

2.7. 1  Purchase  order  of  other  contractual  documents 

2.7.2  Detailed  Specifications 

2.7.3  Other  mutually  agreed  documents 

2.7.4  This  Standard 

2.8  Order  of  Precedence  (discrete  devices):  In  the  case  of  conflict  between/among  applicable 
specifications,  the  following  order  of  precedence  shall  apply  for  discrete  devices: 

2.8.1  JANC  die  manufactured  and  tested  per  MIL-S- 19550,  Appendix  H 

2.8.2  Die  manufactured  and  tested  by  best  commercial  practices 

2.8.3  die  manufactured  and  tested  per  MIL-STD-883,  Test  Method  5008 

2.8.4  This  Standard 


1  Available  from:  Naval  Publications  and  Forms  Center,  5801  Tabor  Avenue, 
Philadelphia,  PA  19120. 

2  Available  from:  Institute  of  Electrical  and  Electronics  Engineers,  445  Hoes  Lane,  P.O. 
Box  1331,  Piscataway,  NJ  08855-1331. 

3  Available  from:  Electronics  Industry  Assn,  2001  Eye  Street  NW,  Washington,  D.C. 

20006. 

4  Available  from:  American  National  Standards  Institute,  1430  Broadway,  New  York,  NY 

10018. 


3.  Requirements 


I 


i 


\ 
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3. 1  Overview:  In  addition  to  the  information  provided  for  the  equivalent  standard  packaged 
die,  KGD  suppliers  shall  provide  data  as  required  in  sections  3.2  to  3.9.  For  military 
and  aerospace  applications,  requirements  per  the  appropriate  military  specifications  and 
requirements  per  section  3  shall  be  adhered  to. 

3.2  General  Data:  The  following  general  data  shall  be  provided  for  each  KGD  product  type. 

3.2.1  Part  Numbering:  Each  KGD  supplier  shall  establish  a  specific  part  numbering 
system  which  differentiates  its  KGD  products  from  each  other  and  from 
conventionally  packaged  equivalents. 

3.2.2  Sample  Die:  Four  types  of  sample  die  may  be  required  by  KGD  users. 
Availability  of  these  sample  types  and  the  quantities  to  be  provided  shall  be 
negotiated  as  part  of  appropriate  contractual  agreements.  These  types  include: 

3.2. 2. 1  Conventionally  packaged  equivalents  for  system  prototyping. 

3.2. 2.2  Mechanical  samples  of  identical  physical  layout,  orientation  and  pad 
metallurgy  to  the  final  KGD  and  clearly  identified  as  ’’reject". 

3.2.2.3  Prototype  (proof  of  design)  samples  that  are  electrically  functional  and 
from  a  product  representative  of  the  KGD  to  be  sold  to  a  particular 
customer. 

3 .2.2.4  Acceptance  samples  which  are  representative  of  the  updated  version  of  a 
KGD  type  which  is  about  to  be  released  with  design  or  manufacturing 
changes.  These  samples  are  intended  to  afford  existing  customers  of  this 
KGD  type  an  opportunity  to  evaluate  the  impact  of  these  changes  upon 
their  specific  application. 

3.3  Design  Data:  Design  data  specifically  required  for  the  application  of  KGD  shall  be 
provided.  Mechanical  data  shall  be  provided  in  a  format  mutually  agreed  upon  by  KGD 
Supplier  and  user.  The  data  to  be  provided  are: 

3.3. 1  Individual  KGD  dimensions  (x,y,  thickness,  pad  shape,  pad-to-pad 
centerline/location)  with  tolerances  and  units  of  measure  referenced  to  die  center 
line  or  other  feature.  (ANSI  Std  Y14.5  is  the  preferred  format.) 

3.3.2  Minimum  die  horizontal  geometries  (feature  sizes). 

3.3.3  Bond  pad  map  (including  available  bonding  area/passivation  opening  size),  pin¬ 
out  list,  including  electrical  potential  and  pin  number  one  identification  with 
appropriate  test  designator. 

3.3.4  Identification  of  any  connections  which  must  be  jumpered  or  skipped  (e.g.,  test 
pads). 

3.3.5  Type  and  thickness  of  backside  surface  material  and  surface  finish  (e.g., 
polished  or  lapped). 

3.3.6  Maximum  and  minimum  allowable  die  junction  operating  temperature. 

3.3.7  Known  physical  process  limitations  (e.g.,  temperature  sensitivity,  pressure 
sensitivity,  uv  light  sensitivity,  etc.). 

3.3.8  Other  conditions  that  affect  die  function,  such  as  critical  thermal  environments, 
or  additional  materials  (e.g.,  die  attach  materials)  or  components  normally 
connected  to  or  used  within  the  packaged  part  (e.g.,  trimming  capacitors). 

3.3.9  Final  die  passivation  (top  protective  layer)  material  and  minimum  thickness. 

3  .3. 10  Pad  metal  composition  and  minimum  and  maximum  pad  metal  thickness. 

3.3.11  Electrical  potential  of  die  bottom  surface  (e.g.,  floating,  VCc  ground),  maximum 
bias  voltage  or  current 

3.3. 12  In  high  power  applications,  minimum  current  carrying  requirement  for  the 
user's  substrate. 
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3.4  Die  Electrical  Test  Data:  KGD  suppliers  shall  provide,  if  applicable,  and  as  negotiated  in 
contractual  agreements,  the  following  specialized  electrical  test  data  for  each  KGr 
Nondisclosure  agreements  may  be  required  prior  to  release  of  some  of  these  data. 

3.4. 1  Designed-in  testability  features  (e.g.,  redundancy,  control  fuses,  error 
correction,  ad  hoc,  structured,  boundary  scan,  built-in  self  test,  etc.)  with  a  full 
description  and  explanation  of  each. 

3.4.2  Device  BSDL  (Boundary-Scan  Description  Language)  model  in  cases  where 
IEEE  1149.1  boundary-scan  is  implemented  (ref  IEEE/ ANSI  1149.1-1990). 

3.4.3  Any  other  product  specific  information  relevant  to  electrical  testing. 

3.4.4  Exceptions  to  supplier  packaged  die  data  book. 

3.3  Quality  Assurance  Provisions:  Under  the  terms  of  appropriate  contractual  agreements, 
KGD  suppliers  shall  be  prepared  to  demonstrate,  with  data  or  other  certification,  one  or 
more  of  the  quality  provisions  described  below.  Nondisclosure  agreements  may  be 
required  prior  to  release  of  some  date.  Visual  or  mechanical  requirements  shall  be  in 
accordance  with  MIL-STD-883,  Test  Method  2010,  or  MIL-H-38534,  with  particular 
emphasis  on  bond  pad  damage.  Die  acceptance  testing  shall  be  guided  by  best 
commercial  practice  or  based  upon  elemental  evaluation  per  MIL-STD-883,  Method 
5008. 

3.3.1  MIL-I-38535  QML  certification  or  equivalent 

3.5.2  Compliance  with  MIL-STD-883 

3.5.3  Compliance  with  ISO  9000 

3.5.4  National  Electronic  Component  Quality  (NECQ)  Audit 

3.5.5  Compliance  with  JEDEC  JC  19C 

3.5.6  KGD  supplier  specific  internal  quality  control  methods 

3.5.7  Outgoing  die  product  DPM  (Defects  Per  Million)  due  to  all  causes,  (e.g., 
electrical  reference  to  data  sheet,  visual  and  mechanical) 

3.5.8  100%  electrically  tested  to  supplier  and  user  agreed  upon  specifications. 

3.6  Reliability  Provisions:  Under  the  terms  of  appropriate  contractual  agreements,  suppliers 
shall  demonstrate  adherence  to  the  agreed  upon  reliability  levels  with  data,  test  and 
screens  or  other  appropriate  methods.  One  or  more  of  the  following  reliability  provisions 
shall  be  utilized.  Nondisclosure  agreements  may  be  required  prior  to  release  of  some 
data. 

3.6. 1  "Infant  mortality"  data  or  PDA  (percent  defective  allowed)  for  burned-in  die 

3.6.2  Supplier  life  test  data  based  on  comparable  packaged  parts  expressed  as  Failures 
In  lime  (FIT)  rates 

3.6.3  Projected  long-term  failure  rates 

3.6.4  Historical  fabrication  process  yield  data 

3.6.5  Other  company  proprietary  approaches  (e.g.,  statistical  process  controls,  in 
line/end  of  line  monitors,  tests  and  screens,  etc.) 

3.6.6  100%  stress  testing  (e.g.,  bum-in;  baking;  temperature  cycling)  as  agreed  by 
supplier-user  specification. 

3.7  Change  Notification:  KGD  suppliers  shall  provide  notification  of  changes  as  specified 
below.  For  die  defined  as  compliant  to  MIL-STD-883,  MIL-S-19500,  MIL-M-38510, 
MIL-H-38534,  MEL-I-38535,  or  any  other  appropriate  military  documents,  change 
notification  shall  be  in  accordance  with  the  requirements  defined  therein. 

3.7.1  Immediate  Notification:  Degradations  in  die  quality  or  reliability  or  unanticipated 
changes  in  quality  assurance  provisions  for  as-delivered  product. 


3.7.2  Minimum  3  Months  Advanced  Notice: 

3.7.2. 1  Changes  to  die  size,  thickness,  and  size/location  of  contact  pads, 
glassivation,  bond  pad  opening  or  metallization. 

3.7.2.2  Changes  to  die  die  electrical  data 

3. 7. 2.3  Changes  to  mechanical  handling  requirements 

3.7.2.4  Changes  to  requirements  for  transportation  protection,  shipping  and 
storage 

3.7.2.5  Anticipated  changes  in  die  reliability,  quality  or  quality  assurance 

^  provisions 

3.7  3  Minimum  6  Months  Advanced  Notice:  Discontinuation  of  die  type 

3.8  Packing  and  Shipping:  KGD  suppliers  shall  pack  and  ship  KGD  product  as  follows: 

3.8. 1  Die  shall  be  packed  and  shipped  in  a  method  suitable  to  ensure  protection  from 
mechanical  damage,  electrostatic  discharge,  and  contamination  while  allowing 
recover  of  die.  Special  packing  and  shipping  considerations  may  be  included  in 
contractual  agreements. 

3.8.2  The  KGD  supplier  shall  provide  a  method  for  coding  and  maintaining 
traceability  for  each  die  to  its  wafer  lot,  and  shall  maintain  traceability  data  for  a 
minimum  period  of  S  years,  or  as  required  by  the  procurement  document  The 
KGD  user  accepts  responsibility  for  maintaining  die  traceability  to  the  suppliers 
wafer  lot 

3.8.3  Asa  minimum,  each  shipment  of  KGD  shall  include  the  following  information: 

3.8.3. 1  Generic  die  type  and  revision  number 

3. 8.3.2  Name  of  the  supplier 

3.8.3.3  Supplier  wafer  lot  number 

3.8.3.4  Any  other  coding  necessary  to  link  KGD  to  proper  corresponding 
documentation. 

3.8.3.5  Guaranteed  speed  grade  of  the  KGD  (when  specified) 

3.8.3.6  Quantity  of  KGD  in  the  shipment 

3.8.3.7  Product  specific  information  (e.g.,  ESD,  sensitivity  to  light 
atmosphere  required  upon  opening,  etc.) 

3.8.3.8  Shipping  date 

3. 8.3.9  Wafer  number  (when  required  per  the  contractual  agreement) 

3.9  Storage  Requirements:  The  following  conditions  are  recommended  for  the  proper 
storage  of  KGD.  The  KGD  supplier  shall  identify  any  deviations  to  these  conditions  and 
the  reason  for  deviation  from  the  following  storage  conditions: 

3.9. 1  Materials:  ESD  Protective 

3.9.2  Storage  in  Cabinets: 

3.9.2. 1  Atmosphere:  Inert  gas  (nitrogen)  or  dry  air 

3.9.2.2  Temperature  range:  65  to  75°F 

3.9.2.3  Humidity  range:  <30%  _ 

{  3.9.2.4  Particle  count:  Class  1000  per  FED- STD-209 

3.9.3  Sealed  in  a  vacuum  or  container  (not  cabinets):  Inert  atmosphere 


303 


4.  Additional  Information 


The  KGD  supplier  may  provide,  as  negotiated,  the  following  data,  if  available,  for  information 
purposes.  No  warranty  is  required  as  to  suitability  or  applicability  of  these  data  in  the  user 
application.  Nondisclosure  agreements  may  be  required  prior  to  release  of  some  information. 

4. 1  Suggested  die  attach  material  and  properties 

4.2  Suggested  bond  wire  size  and  down  bonds  (pad  number  and  electrical  potential) 

4.3  Suggested  bonding  method  (e.g.,  thermocompression,  thermosonic,  ultrasonic,  etc.) 

4.4  Descriptions  of  any  other  unique  materials  or  exposed  surfaces  that  may  require  special 
protection  during  assembly 

4.5  Suggested  limitations  on  handling  methods,  or  die  attach  pressures 

4.6  Suggested  wire  bonding  sequence,  quantity  of  bond  wires  on  power  and  ground  pins, 
and  stitch-bond  (connection)  requirements  between  ground  pins 

4.7  Suggested  lid  sealing  material  and  sealing  procedure 

4. 8  Packaged  component  ESD  sensitivity 

4.9  Environmental  conditions  necessary  to  ensure  long  term  die  reliability  (e.g.,  special 
sealing  atmosphere) 

4. 10  Die  power  dissipation  data  or  models  as  a  function  of  frequency,  junction  temperature, 
loading  and  location  on  die  surface. 

4. 1 1  Electrical  test  fault  coverage  and  grader  used,  as  well  as  test  patterns  in  WAVES 
(Waveform  and  Vector  Exchange  Specification,  IEEE  1029.1)  format  or  equivalent 

4.12  Die  driver  and  I/O  buffer  models  and  data  in  Berkeley  SPICE  or  equivalent 

4.13  Die  structural  or  behavioral  models  and  data  in  VHSIC  Hardware  Descriptive  Language 
(Ref  IEEE  1076-1987)  or  equivalent 

4. 14  Identification  of  parameters  actually  tested  versus  guaranteed  by  other  means  (e.g., 
characterization,  correlation,  inference) 

4. 15  Maximum  recommended  allowable  peak  die  assembly  process  temperature/times 

4. 16  Tj  to  T  Die  Relationship 

4. 17  Dimensional  data  (for  features  of  top  metals  and  glassification  mask  layers)  in  GDS 

Stream  II  Format5 

4.18  Backside  surface  roughness 

4.19  Environmental  conditions  and  storage  duration  prior  to  shipment 

4.20  Saw  kerf  shape 

4.21  Unusual  die  material  properties  (e.g.,  SiC  backside  coatings) 

4.22  Moisture  resistance  data  (for  nonhermetic  applications)  based  upon  accelerated  stress 
studies  (e.g.,  85%  RH-85°C,  Highly  Accelerated  Stress  Testing,  Autoclave,  etc.)  of 
existing  nonhermetic  packaged  product 

4.23  Alpha  Particle  Die  Coat  Recommended  die  coat  material,  thickness,  and  application 
process  as  required. 


V 


f 


5  GDS  Stream  II  is  a  Trademark  of  Valid  Logic  Systems,  Inc. 
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STANDARD  FOR  FLIP  CHIP  KNOWN-GOOD  DIE  (FC-KGD) 


Addendum  to  Standard  For  Known  Good  Die 
BUMPED  DIE1 


Preface 

This  standard  was  created  to  facilitate  the  procurement  and  use  of  high  reliability 

semiconductor  microcircuits  or  discrete  devices  provided  in  flip  attachment  die  format, 
commonly  known  as  “Flip  Chip  Known  Good  Die”  (FC-KGD). 

This  document  provides  requirements  and  guidance  to  suppliers  in  regard  to  the  high  levels 
of  as-delivered  performance,  quality  and  long  term  reliability  expected  of  flip  chip 
known  good  die.  It  also  reflects  the  special  needs  of  FC-KGD  product  customers  in 
terms  of  design  and  application  data.  This  document  is  applicable  to  FC-KGD 
products  used  in  both  commercial  and  military  applications. 

This  standard  also  reflects  an  understanding  on  the  part  of  FC-KGD  users  that  quality  and 
reliability  cannot  always  be  guaranteed  or  assured  in  the  •5ame  fashion  as  for 
conventionally  packaged  microcircuits.  FC-KGD  customers  take  on  a  significant 
responsibility  for  die  proper  application  and  long  term  environmental  protection  of  this 
type  of  product  The  extent  to  which  FC-KGD  suppliers  shall  warrant  die  product  is 
highly  dependent  upon  customer  capability  and  adherence  to  strict  quality  controls. 
Cooperation  between  suppliers  and  users  is  essential 

1.  Scope 

1 . 1  This  standard  provides  guidelines  and  requirements  for  known-good  semiconductor  die 
(FC-KGD)  used  in  other  than  conventionally  packaged  microcircuit  formats.  The  die 
described  herein  are  intended  to  be  high  quality,  reliable  bare  dice  prepared  for  flip  chip 
attachment  for  use  in  a  variety  of  user-defined  applications  (e.g.,  multichip  modules, 
hybrid  circuits,  memory  cards,  etc.)  While  this  standard  allows  negotiation  between 
supplier  and  user  to  establish  specific  requirements  for  performance,  quality  and 
reliability,  it  is  important  to  recognize,  in  the  case  of  military  and  aerospace  applications, 
the  minimum  requirements  described  in  relevant  military  specifications. 

1 .2  This  standard  is  limited  to  FC-KGD  consisting  of  a  single  microcircuit ,  electrically 
connected  using  “bumped”  contact  technology.  The  data  described  and  conditions  of  sale 
outlined  below  are  intended  to  cover  all  varieties  of  bumping  technologies,  regardless  of 
metallurgy  or  physical  configuration.  Per  requirements  mutually  agreed  upon  by  FC- 
KGD  supplier  and  user,  the  FC-KGD  supplier  shall  implement  and  demonstrate  testing 
and  screening  required  to  assure  this  performance. 

1.3  Unlike  wirebonded  KGD,  FC-KGD  may  not  have  widely  distributed  packaged 
equivalent  parts.  As  such,  supplier  and  user  must  work  closely  to  ensure  die  quality 
assurance  methodologies  will  meet  both  parties  expectations  and  needs.  This  standard 
deals  only  with  FC-KGD  supplied  in  individual  die  form,  for  which  the  user  accepts 


1  A  decision  was  made  at  the  2  March  KGD  Task  Force  Meeting  to  create  a  separate  stand¬ 
alone  standard  for  Bumped  KGD  corresponding  to  the  JEDEC  Wirebonded  KGD  Standard  being 
balloted  4/93.  As  this  document  is  as  yet  unavailable  to  SEMATECH,  this  document  only 
highlights  changes  which  will  be  made  to  the  Wirebonded  Standard  in  order  to  create  the  final 
Bumped  KGD  stand-alone  standard.  Major  changes  to  the  original  Bumped  Die  Addendum 
discussed  at  the  2  March  meeting  are  in  boldface. 


responsibility  for  providing  and  assuring  final  environmental  protection  (e.g.,  hermetic 
sealing). 

2 .  Reference  Documents 

2. 1  Military  and  Federal  Standards1  ^ 

FED- STD-209  Clean  Room  and  Workstation  Requirements,  Controlled  Environments 
MIL-STD-883  Microelectronics,  Test  Methods  and  Procedures 

MIL-S- 19500  General  Specification  for  Semiconductor  Devices 

MEL-M-38510  General  Specification  for  Microcircuits  . 

MIL-H-38534  General  Specification  for  Hybrid  Microcircuits  t 

MIL-I-38535  General  Specification  for  Integrated  Circuits  Manufacturing 

2.2  Institute  of  Electrical  and  Electronic  Engineers  Standards2 

IEEE  1029. 1  Waveform  and  Vector  Exchange  Specification 

IEEE  1076-1987  VHSIC  Hardware  Description  Language 

IEEE/ANSI  1 149. 1- 1990  Standard  Test  Access  Port  and  Boundary-Scan  Architecture 

2.3  Electronics  Industry  Association  -  Joint  Electron  Device  Engineering  Council  Standards3 
JC  19C  General  Standard  for  Statistical  Process  Controls 

2.4  American  National  Standards  Institute  Documents4 
ANSI  Y14.5  Dimensional  Standards 

2.5  International  Standards4 

ISO  9000  Series  Quality  Management  Standard 

2.6  Other  Reference  Documents 

Relevant  FC-KGD  Supplier  Data  Book/Sheet  or  Specification 

2.7  Order  of  Precedence  (microcircuits):  hi  the  case  of  conflict  between/among  applicable 
specifications,  the  following  order  of  precedence  shall  apply  for  microcircuits: 

2.7.1  Purchase  order  of  other  contractual  documents 

2.7.2  Detailed  Specifications 

2.7.3  Other  mutually  agreed  documents 

2.7.4  This  Standard 

2.8  Order  of  Precedence  (discrete  devices):  In  the  case  of  conflict  between/among  applicable 
specifications,  the  following  order  of  precedence  shall  apply  for  discrete  devices: 

2.8.1  JAN  C  die  manufactured  and  tested  per  MIL-S- 19550,  Appendix  H 


1  Available  from:  Naval  Publications  and  Forms  Center,  5801  Tabor  Avenue, 

Philadelphia,  PA  19120. 

2  Available  from:  Institute  of  Electrical  and  Electronics  Engineers,  445  Hoes  Lane,  P.O. 

Box  1331,  Piscataway,  NJ  08855-1331. 

3  Available  from:  Electronics  Industry  Assn,  2001  Eye  Street  NW,  Washington,  D.C. 

20006.  f 

4  Available  from:  American  National  Standards  Institute,  1430  Broadway,  New  York,  NY 

10018. 
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2.8.2  Die  manufactured  and  tested  by  best  commercial  practices 

2.8.3  Die  manufactured  and  tested  per  MIL-STD-883,  Test  Method  5008 

2.8.4  This  Standard 


3.  Requirements 

3.1  Overview:  In  addition  the  information  provided  for  the  equivalent  standard  packaged  die, 

FC-KGD  suppliers  shall  provide  data  as  required  in  sections  3.2  to  3.9.  For  military  and 
aerospace  applications,  requirements  per  the  appropriate  military  specifications  and 
requirements  per  section  3  shall  be  adhered  to. 

3.2  General  Data:  The  following  general  data  shall  be  provided  for  each  FC-KGD  product 
type. 

3.2.1  Part  Numbering:  Each  FC-KGD  supplier  shall  establish  a  specific  part 
numbering  system  which  differentiates  its  FC-KGD  products  from  each  other, 
from  otter  bare  die  product  and  from  conventionally  packaged  equivalents. 

3.2.2  Sample  Die:  Four  types  of  sample  die  may  be  required  by  FC-KGD  users. 

Availability  of  these  sample  types  and  the  quantities  to  be  provided  shall  be 

negotiated  as  part  of  appropriate  contractual  agreements.  These  types  include: 

3.2.2. 1  Conventionally  packaged  equivalents  for  system  prototyping.  Packaged 
equivalents  of  FC-KGD  may  not  be  available  in  all  cases.  Suppliers  and 
users  may  negotiate  a  mutually  agreeable  approach  for  providing 
prototyping  samples  for  FC-KGD  applications. 

3.2.2.2  Mechanical  samples  of  identical  physical  layout,  orientation  and  pad 
metallurgy  to  the  final  FC-KGD  and  clearly  identified  as  “reject” 

3.2.2.3  Prototype  (proof  of  design)  samples  that  are  electrically  functional  and 
from  a  product  representative  of  the  FC-KGD  to  be  sold  to  a  particular 
customer. 

3.2.2.4  Acceptance  samples  which  are  representative  of  the  updated  version  of  a 
FC-KGD  type  which  is  about  to  be  released  with  design  or 
manufacturing  changes.  These  samples  are  intended  to  afford  existing 
customers  of  this  FC-KGD  type  an  opportunity  to  evaluate  the  impact  of 
these  changes  upon  their  specific  applicatioa 


\ 


3.3  Design  Data:  Design  data  specifically  required  for  the  application  of  KGD  shall  be 

provided.  Mechanical  data  shall  be  provided  in  a  format  mutually  agreed  upon  by  KGD 

Supplier  and  user.  The  data  to  be  provided  are: 

3.3. 1  Individual  FC-KGD  dimensions  (x,y,  thickness,  bump  dimensions,  bump-to- 
bump  centerline/location)  with  tolerances  and  units  of  measure  referenced  to  die 
center  line  or  other  feature.  (ANSI  Std  Y14.5  is  the  preferred  format) 

3.3.2  Minimum  die  horizontal  geometries  (feature  sizes). 

3.3.3  Bump  map  identifying  bump  function  (i.e.,  electrical  contact  mechanical 
stabilization,  heat  conduction,  etc.)  and  electrical  pinout  list  including  electrical 
potential  and  pin  number  one  identification  with  appropriate  test  designator. 

3.3.4  Identification  of  any  connections  which  must  be  jumpered  or  skipped  (e.g.,  test 
pads). 

3.3.5  Type  and  thickness  of  backside  surface  material  and  surface  finish  (e.g., 
polished  or  lapped). 

3.3.6  Maximum  and  minimum  allowable  die  junction  operating  temperature. 
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3.3.7  Known  physical  process  limitations  (e.g.,  temperature  sensitivity,  pressure 
sensitivity,  uv  light  sensitivity,  etc.). 

3.3.8  Other  conditions  that  affect  die  function,  such  as  critical  thermal  environments, 
or  additional  materials  or  components  normally  connected  to  or  used  within  the 
packaged  part . 

3.3.9  Final  die  passivation  (top  protective  layer)  material  and  minimum  thickness. 

3.3. 10  Bump  metal  composition,  bump  volume,  and  bump  height  with  dimensions  and 
tolerances  and  uniformity 

3.3. 1 1  Electrical  potential  of  die  bottom  surface  (e.g.,  floating,  Vcc  ground),  maximum 
bias  voltage  or  current. 

3.3.12  In  high  power  applications,  minimum  current  carrying  requirement  for  the  user 
substrate. 

3.3.13  Guaranteed  die  edge  smoothness  and  smoothness  tolerance.  Specify  die  edge 
perpendicularity,  parallelism  and  taper. 

3.3. 14  Minimum  distance  from  the  most  peripheral  bump  to  edge  of  a  diced  FC-KGD. 

3.3.15  Physical  requirements  for  mating  substrate  pads  (e.g.,  heat  flow  capability,  or 
puil  strength). 

3.3.16  Identification  of  polyimide  dielectrics  or  other  materials  sensitive  to  plasma 
cleaning  or  bonding  conditions  and  thus  affect  the  attachment  process. 

3.3.17  Identification  of  the  presence  of  any  postdie  manufacturing  coatings  intended  to 
protect  die  in  shipment,  along  with  die  processes/chemicals  required  to  assure 
good  connections.. 

3 .4  Die  Electrical  Test  Data:  FC-KGD  suppliers  shall  provide,  if  applicable,  and  as 
negotiated  in  contractual  agreements,  the  following  specialized  electrical  test  data  for 
each  KGD.  Nondisclosure  agreements  may  be  required  prior  to  release  of  some  of  these 
data. 

3.4. 1  Designed-in  testability  features  (e.g.,  redundancy,  control  fuses,  error 
correction,  ad  hoc,  structured,  boundary  scan,  built-in  self  test,  etc.)  with  a  full 
description  and  explanation  of  each. 

3.4.2  Device  BSDL  (Boundary-Scan  Description  Language)  model  in  cases  where 
IEEE  1149.1  boundary-scan  is  implemented  (ref.  IEEE/ANSI  1149.1-1990). 

3.4.3  Any  other  product  specific  information  relevant  to  electrical  testing. 

3.4.4  Exceptions  to  supplier  packaged  die  or  KGD  data  book. 

3.5  Quality  Assurance  Provisions:  Under  the  terms  of  appropriate  contractual  agreements, 
FC-KGD  suppliers  shall  be  prepared  to  demonstrate,  with  data  or  other  certification,  one 
or  mote  of  the  quality  provisions  described  below.  Nondisclosure  agreements  may  be 
required  prim:  to  release  of  some  date.  Visual  or  mechanical  requirements  shall  be  in 
accordance  with  best  commercial  practice. 

3.5. 1  MIL-I-38535  QML  certification  or  equivalent 

3.5.2  Compliance  with  MIL- STD-883 

3.5.3  Compliance  with  ISO  9000 

3.5.4  National  Electronic  Component  Quality  (NECQ)  Audit 

3.5.5  Compliance  with  JEDEC  JC  19C 

3.5.6  FC-KGD  supplier  specific  internal  quality  control  methods,  including  those 
specific  to  die  bumps. 

3.5.7  Outgoing  die  product  DPM  (Defects  Per  Million)  due  to  all  causes,  (e.g., 
electrical  reference  to  data  sheet,  visual,  mechanical,  missing/low  volume 
bumps).  Definitions  of  bump  rejection  criteria  (ie.,  reject  vs.  cosmetic  defect) 
shall  be  provided. 

3.5.8  100%  electrically  tested  to  supplier  and  user  agreed  upon  specifications. 


3.6  Reliability  Provisions:  Under  the  terms  of  appropriate  contractual  agreements,  suppliers 
shall  demonstrate  adherence  to  the  agreed  upon  reliability  levels  with  data,  test  and 
screens  or  other  appropriate  methods.  One  or  more  of  the  following  reliability  provisions 
shall  be  utilized.  Nondisclosure  agreements  may  be  required  prior  to  release  of  some 
data. 

3.6. 1  "Infant  mortality"  data  or  PDA  (percent  defective  allowed)  for  bumed-in  die 

3.6.2  Supplier  life  test  data  based  on  comparable  packaged  parts  expressed  as  Failures 
In  Time  (FIT)  rates 

3.6.3  Projected  long-term  failure  rates 

3. 6.4  Historical  fabrication  process  yield  data 

3.6.5  Other  company  proprietary  approaches  (e.g.,  statistical  process  controls,  in 
line/end  of  line  monitors,  tests  and  screens,  bump  reliability  testing/failure 
modeling,  etc.) 

3.6.6  100%  stress  testing  (e.g.  bum-in;  baking;  temperature  cycling)  as  agreed  by 
supplier-user  specification. 

3.7  Change  Notification:  FC-KGD  suppliers  shall  provide  notification  of  changes  as 
specified  below.  For  die  defined  as  compliant  to  MIL-STD-883,  MIL-S- 19500,  MIL-H- 
38534,  MIL-I-38535,  or  any  other  appropriate  military  documents,  change  notification 
shall  be  in  accordance  with  the  requirements  defined  therein. 

3.7.1  Immediate  Notification:  Degradation  in  die  quality  or  reliability  or  unanticipated 
changes  in  quality  assurance  provisions  for  as-delivered  product. 

3.7.2  Minimum  3  Months  Advanced  Notice: 

3.7.2. 1  Changes  to  die  size,  thickness,  glassivation,  bond  pad  opening  or 
metallization. 

3.7. 2.2  Changes  to  the  die  electrical  data 

3.7. 2.3  Changes  to  mechanical  handling  requirements 

3.7.2.4  Changes  to  requirements  for  transportation  protection,  shipping  and 
storage 

3.7.2.5  Anticipated  changes  in  die  reliability,  quality  or  quality  assurance 
provisions 

3.7.2.6  Changes  to  contact  bump  location,  composition,  hardness(as  required), 
height,  and  uniformity  (as  required). 

3.7.3  Minimum  6  Months  Advanced  Notice:  Discontinuation  of  die  type 

3.8  Packing  and  Shipping:  FC-KGD  suppliers  shall  pack  and  ship  FC-KGD  product  as 
follows: 

3.8. 1  Die  shall  be  packed  and  shipped  in  a  method  suitable  to  ensure  protection  from 
mechanical  damage  (including  mechanical  and  chemical  integrity  of  bumps), 
electrostatic  discharge,  and  contamination  while  allowing  recovery  of  die.  This 
requirements  extends  to  shipment  of  bumped  die  in  special  individual  carriers, 
and  to  the  protection  of  carrier  electrical  contacts.  Special  packing  and  shipping 
considerations  may  be  included  in  contractual  agreements. 

3.8.2  The  FC-KGD  supplier  shall  provide  a  method  for  coding  and  maintaining 
traceability  for  each  die  to  its  wafer  lot,  and  shall  maintain  traceability  data  for  a 
minimum  period  of  5  years,  or  as  required  by  the  procurement  document  The 
FC-KGD  user  accepts  responsibility  for  maintaining  die  traceability  to  the  wafer 
lot 


3.8.3  As  a  minimum,  each  shipment  of  FC-KGD  shall  include  the  following 
information: 

3.8.3. 1  Generic  die  type  and  revision  number 

3.8.3.2  Name  of  the  supplier 

3.8.3.3  Supplier  wafer  lot  number 

3. 8. 3.4  Any  other  coding  necessary  to  link  FC-KGD  to  proper  corresponding 
documentation. 

3.8. 3.5  Guaranteed  speed  grade  of  the  FC-KGD  (when  specified) 

3. 8. 3.6  Quantity  of  RZ-KGD  in  the  shipment  . 

3.8.3.7  Product  specific  information  (e.g.,  ESD,  sensitivity  to  light,  / 

atmosphere  required  upon  opening,  etc.) 

3.8.3.8  Shipping  date 

3.8.3.9  Wafer  number  (when  required  per  the  contractual  agreement) 

3.8.3.10  Die  coatings  applied  for  protection  in  shipment 

3 .9  Storage  Requirements:  The  following  conditions  are  recommended  for  the  proper 
storage  of  FC-KGD.  The  FC-KGD  supplier  shall  identify  any  deviations  to  these 
conditions  and  the  reason  for  deviation  from  the  following  storage  conditions: 

3.9. 1  Materials:  ESD  Protective 

3.9.2  Storage  in  Cabinets: 

3.9.2. 1  Atmosphere:  Inert  gas  (nitrogen)  or  dry  air 

3.9. 2.2  Temperature  range:  65  to  75°F 

3. 9.2.3  Humidity  range:  <30% 

3.9.2.4  Particle  count  Class  1000  per  FED- STD-209 

3.9.3  Sealed  in  a  vacuum  or  inert  atmosphere 

4.  Additional  Information 

The  FC-KGD  supplier  may  provide,  as  negotiated,  the  following  data,  if  available,  for  information 
purposes.  No  warranty  is  required  as  to  suitability  or  applicability  of  these  data  in  the  user 
application.  Nondisclosure  agreements  may  be  required  prior  to  release  of  some  information. 

4. 1  Suggested  die  attach  material  and  properties 

4.2  Suggested  substrate  pad  size,  thickness,  and  composition  vith  dimensions  and 
tolerances 

4.3  Recommended  bumped  die  attach  process  including  heating  process  (e.g.  hot  bar, 
furnace,  infrared,  laser)  and  compatible  chemical/matenals. 

4.4  Descriptions  of  any  other  unique  materials  or  exposed  surfaces  that  may  require  special 
protection  during  assembly 

4.5  Suggested  limitations  on  handling  methods,  or  die  attach  pressures 

4.6  Suggested  lid  sealing  material  and  sealing  procedure 

4.7  Packaged  component  ESD  sensitivity 

4.8  Environmental  conditions  necessary  to  ensure  long  term  die  reliability  (e.g.,  special 
sealing  atmosphere) 

4.9  Die  power  dissipation  data  or  models  as  a  function  of  frequency,  junction  temperature,  ) 

loading  and  location  on  die  surface. 

4. 10  Electrical  test  fault  coverage  and  grader  used,  as  well  as  test  patterns  in  WAVES 
(Waveform  and  Vector  Exchange  Specification,  IEEE  1029. 1)  format  or  equivalent 

4. 1 1  Die  driver  and  I/O  buffer  models  and  data  in  Berkeley  SPICE  or  equivalent  f 

4.12  Die  structural  or  behavioral  models  and  data  in  VHSIC  Hardware  Descriptive  Language 
(Ref.  IEEE  1076-1987)  or  equivalent 

4.13  Identification  of  parameters  actually  tested  versus  guaranteed  by  other  means  (e.g., 
characterization,  correlation,  inference) 
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4. 14  Maximum  recommended  allowable  peak  die  assembly  process  temperature/times 

4.  IS  Tj  to  T  pie  Backside  Relationship 

4. 16  Dimensional  data  (for  features  top  metals  and  glassivation  mask  layers)  in  GDS 
Stream  n  Format5 

4.17  Backside  surface  roughness 

4. 18  Environmental  conditions  and  storage  duration  prior  to  shipment 

4.19  Saw  kerf  shape 

4.20  Unusual  die  material  properties  (e.g.,  SiC  backside  coatings) 

4.21  Moisture  resistance  data  (for  nonhermetic  applications)  based  upon  accelerated  stress 
studies  (e.g.,  85%  RH-85°C,  Highly  Accelerated  Stress  Testing,  Autoclave,  etc.)  of 
existing  nonhermetic  packaged  product 

4.22  Recommended  alpha  particle  die  coat  material,  thickness,  and  application  process  as 
required. 

4.23  Recommended  bumped  die  removal/rework  process  including  compatible 
chemicals/materials. 

4.24  Recommended  re-use  criteria/process  (e.g.,  bump  reflow)  for  reworked  die  prior  to 
subsequent  reattach. 

4.25  Recommended  materials,  conditions  and  preparation  for  substrate  bumps  mating  to  die 
bumps. 


r 

% 

t 


5  GDS  Stream  n  is  a  Trademark  of  Valid  Logic  Systems,  Inc. 
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-  DRAFT  2.0, 9  Apr  93- 


STANDARD  FOR  PROVIDING/USING 
KNOWN-GOOD  DIE 

Addendum  For 

TAPE  AUTOMATED  BONDED  DIE1 


0.  Preface 

0. 1  This  addendum  supplements  the  JEDEC  Standard  for  Providing/Using  Known  Good  Die 
(Wirebonded)  through  the  identification  of  special  considerations  relevant  to  Tape 
Automated  Bonded  Known-Good  Die.  While  these  die  will  be  physically  and  electrically 
connected  differently  than  "bare"  die,  they  are  otherwise  the  same  high  reliability 
semiconductor  microcircuits  as  described  the  wirebonded  standard. 

0.2  This  addendum  identifies  only  the  additions  or  modifications  to  elements  of  the 
wirebonded  standard  which  are  effected  by  TABed  die.  Unless  specifically  stated,  the 
requirements  and  conditions  of  the  basic  wirebonded  die  standard  remain  in  force. 

1.  Scope 

1.1  This  standard  covers  KGD  delivered  in  Tape  Automated  Bonding  interconnect  format 
Bare  die  which  are  purchased  for  processing  into  TAB  interconnection  format  arc  not 
covered  under  this  specification.  This  standard  identifies  all  data  requirements  and 
conditions  of  sale  which  might  apply  to  any  variety  of  TABed  KGD,  regardless  of  size  or 
contact  technology. 

2 .  Reference  Documents: 

2.3  Electronics  Industry  Association  -  Joint  Electron  Device  Engineering  Council  Stai  lards2 

JC11.4-UO-018  Tape  Automated  Bonding  (TAB)  Packaging  Family  Outline 


2.6  OtLer  Reference  Documents 
Supplier  Bumped  Die  Data  Sheets/Books 


3.  Requirements 


1 A  decision  w#s  made  at  the  2  March  KGD  Task  Force  Meeting  to  create  a  separate  stand¬ 
alone  standard  for  TABed  KGD  corresponding  to  the  JEDEC  Wirebonded  KGD  Standard  being 
balloted  4/93.  As  this  document  is  as  yet  unavailable  to  SEMATECH,  this  document  only 
highlights  the  changes  which  will  be  made  to  the  Wirebonded  Standard  in  order  to  create  die  final 
TABed  KGD  stand-alone  standard.  Major  changes  to  die  original  TABed  die  Addendum  discussed 
at  die  2  March  meeting  are  in  boldface. 

2  Available  from:  Electronics  Industry  Assn,  2001  Eye  Street  NW,  Washington,  D.C. 

20006. 


3.2  General  Data: 

3.2.2  Sample  Die: 

3.2.2. 1  TAB  interconnected  die  may  not  be  available  in  packaged  form  in  all 
cases.  Suppliers  and  users  may  negotiate  a  mutually  agreeable  approach 
to  providing  sample  die  for  prototyping  a  TABed  die  application. 

3.3  Design  Data:  In  some  cases,  non-disclosure  and/or  licensing  agreements  may  be  required 

prior  to  release  of  relevant  mechanical  design  data  as  described  in  this  section. 

3.3.3  TAB  frame  map  showing  tab  frame  dimensions  and  identifying  electrical 
potential,  pin  identification  or  test  designator.  Reference  to  corresponding 
standard  TAB  outline  shall  be  provided  if  appropriate.  (Ref  JC11.4-UO-018, 
TAB  Packaging  Family  Outline) 

3.3. 15  In  order  to  facilitate  use  of  optical  pattern  recognition  equipment,  TAB  part  map 
with  alignment  or  registration  marks  identified. 

3.3.17  In  order  to  facilitate  tab  leadframe  attach,  identification  of  polyimide  dielectrics  or 
other  materials  sensitive  to  plasma  etch  cleaning  or  bonding  pressures. 

3.3.18  In  order  to  facilitate  proper  TAB  usage,  identification  of  the  presence  of  any  post 
manufacturing  surface  coatings  intended  to  protect  TAB  leads  in  shipment  shall 
be  identified,  along  with  the  process/chemicals  for  removal  of  these  coatings. 

3.5  Quality  Assurance  Provisions: 

3.5.6  KGD  supplier  specific  internal  quality  controls  on  TAB  components  including 
specialized  process  controls  or  inspection  systems.  These  controls  may  include 
post-manufacturing  die  coatings  and/or  packing  containers  intended  to  preserve 
die  quality. 

3.5.7  For  TABed  die,  defects  contributing  to  DPM  calculations  include  failures  due  to 
improper  mechanical  contacts  between  die  and  TAB  frame  (e.g.  missing/broken 
TAB  leads,  or  improper  leadframe  contacts).  Definitions  of  criteria  identifying  a 
reject  vs.  cosmetic  defect  shall  be  provided. 

3.6  Reliability  Provisions: 

3.6.5  For  TABed  die.  Company  proprietary  reliability  provisions  must  include  those 
relevant  to  TAB  interconnection  and  may  include  TAB  lead  reliability  testing  or 
TAB  interconnection  failure  modeling. 

3.7  Change  Notification: 

3.7.2  Minimum  Three  Months  Advanced  Notice: 

3.7.2.1  Changes  of  TAB  outline  or  location/configuration  of  TAB  leads. 

3.8  Packing  and  Shipping: 

3.8. 1  Packing  and  shipping  methodologies  shall  also  ensure  mechanical  and  chemical 
protection  of  TAB  leads,  thus  assuring  proper  TAB  bonding.  This  protection 
includes  consideration  of  tape  reels  or  other  containers  in  which  TABed  die  may 
be  shipped. 


4.  Additional  Information 


The  KGD  supplier  may  provide,  as  negotiated,  the  following  data,  if  available,  for  information 
purposes.  No  warranty  is  required  as  to  suitability  or  applicability  of  these  data  in  the  user's 
application.  Non-disclosure  agreements  may  be  required  prior  to  release  of  some  information. 

4.3  Recommended  TAB  excise  method  and  attach  process  including  bonding  parameters 
(e.g.  thermosonic  bonding,  laser,  etc.)  compatible  chemicals/materials. 

4.18  Recommended  TAB  removal/rework  sequence  process  including  compatible 
chemicals/materials.  Recommended  re-use  criteria/process  for  TAB  contact  reprocessing 
prior  to  subsequent  reattach. 

4.19  Recommend  materials,  conditions  and  preparation  for  substrate  bumps  to  which  TABed 
die  are  to  be  attached. 


